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PROBLEM TO BE SOLVED: To provide a semiconductor device, and a 
fabrication method thereof, in which variation of the threshold voltage is 
suppressed by reducing the fluctuations in the work function of a finished 
gate electrode caused by the hot process which may be included in the 
fabrication process subsequent to formation of the gate electrode. 
SOLUTION: A gate oxide 3 is deposited on the surface of a silicon 
substrate 1 and a gate electrode 5 is formed thereon. The gate electrode 
5 is formed of a thin p+-type poly-Si film doped with B. Si3N4 7 is 
deposited on the gate electrode 5 and a Side Wall Spacer 9 is formed of 
Si3N4 film on the side wall of the gate electrode 5. An interlayer insulator 
1 1 of Si02 is deposited on the Si3N4 7, the Side Wall Spacer 9 and an 
LOCOS oxide 2. According to the structure, diffusion of B from the gate 
electrode 5 into the interlayer insulator 1 1 can be suppressed during hot 
process after formation of the gate electrode 5. 
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CLAIMS 



[Claim(s)] 

[Claim 1] it was formed on the gate electrode which was formed through gate dielectric film on the semi- 
conductor substrate and which introduced the high-concentration impurity, the insulator layer or electric 
conduction film containing the nitrogen formed in the upper part and the side-attachment-wall section of this 
gate electrode, and this insulator layer or the electric conduction film — at least — Si02 Semiconductor device 
characterized by providing the included interlayer insulation film. 

[Claim 2] the above-mentioned gate electrode — p+Poly Si from — semiconductor device according to claim 1 
characterized by becoming. 

[Claim 3] The above-mentioned gate electrode is WSix. Poly Si Semiconductor device according to claim 1 
characterized by consisting of Polycide of two-layer structure. 

[Claim 4] The semiconductor device according to claim 1 characterized by the above-mentioned gate electrode 
consisting of a silicide monolayer. 

[Claim 5] The semiconductor device according to claim 1 characterized by the above-mentioned impurity being 
B. 

[Claim 6] Si3 N4 which the insulator layer containing the above-mentioned nitrogen deposited by LP-CVD or 
Plasma CVD Semiconductor device according to claim 1 characterized by being the film or the SiON film. 
[Claim 7] Si3 N4 which the insulator layer containing the above-mentioned nitrogen deposited by LP-CVD or 
Plasma CVD The film or the SiON film, and Si02 Semiconductor device according to claim 1 characterized by 
being the insulator layer of two-layer structure with the film. 

[Claim 8] The semiconductor device according to claim 1 characterized by being the nitriding oxide film with 
which the above-mentioned gate dielectric film comes to nitride an oxide film. 

[Claim 9] The process which forms gate dielectric film on a semi-conductor substrate, and the process which 
deposits the electric conduction film on this gate dielectric film. The process which introduces an impurity into 
this electric conduction film, the process which deposits the insulator layer containing nitrogen on this electric 
conduction film, and by processing this insulator layer and the electric conduction film the process which leaves 
an insulator layer on the gate electrode which consists of this electric conduction film, the process which forms 
the insulator layer which contains nitrogen in the side attachment wall of this insulator layer and this gate 
electrode, and this insulator layer top — Si02 from — the manufacture approach of the semiconductor device 
characterized by providing the process which deposits the becoming interlayer insulation film. 
[Claim 1 0] The manufacture approach of the semiconductor device according to claim 9 characterized by the 
above-mentioned impurity being B. 

[Claim 1 1] the above-mentioned electric conduction film — p+Poly Si from — the manufacture approach of the 
semiconductor device according to claim 9 characterized by becoming. 

[Claim 12] Si3 N4 which the insulator layer containing the above-mentioned nitrogen deposited by LP-CVD or 
Plasma CVD The manufacture approach of the semiconductor device according to claim 9 characterized by being 
the film or the SiON film. 

[Claim 13] Si3 N4 which the insulator layer containing the above-mentioned nitrogen deposited by LP-CVD or 
Plasma CVD The film or the SiON film, and Si02 The manufacture approach of the semiconductor device 
according to claim 9 characterized by being the insulator layer of two-layer structure with the film. 
[Claim 14] The manufacture approach of the semiconductor device characterized by providing the process which 
forms gate dielectric film on a semi-conductor substrate, the process which deposits the refractory metal silicidt 
film on this gate dielectric film, the process which forms the thin film for out-diffusion prevention of an impurity 
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on this refractory metal silicide film, and the process which introduces an impurity into this refractory metal 
silicide film through this thin film. 

[Claim 15] The manufacture approach of the semiconductor device characterized by to provide the process 
which forms gate dielectric film on a semi-conductor substrate, the process which deposits the refractory metal 
silicide film on this gate dielectric film, the process which carries out pattern NINGU of this refractory metal 
silicide film, and forms a gate electrode, the process which forms the thin film for out-diffusion prevention of an 
impurity in all or some of these gate electrode surfaces, and the process which introduce an impurity into this 
gate electrode through this thin film. 

[Claim 16] The thin film for the above-mentioned out-diffusion prevention is LP. - Si3 N4 formed by the CVD 
method The manufacture approach of the semiconductor device according to claim 14 or 15 characterized by 
being the film. 

[Claim 17] The manufacture approach of the semiconductor device according to claim 14 or 15 characterized by 
the thin film for the above-mentioned out-diffusion prevention being the metal nitride formed by nitriding this 
refractory metal silicide film directly. 

[Claim 18] The above-mentioned refractory metal silicide film is WSix. The film or MoSix The manufacture 
approach of the semiconductor device according to claim 14 or 15 characterized by being the film. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a semiconductor device and its manufacture approach. It is 
related with the semiconductor device which can maintain the property stabilized also after the semiconductor 
device which has the gate electrode with which B (boron) was doped especially went through the subsequent 
thermal process, and its manufacture approach. Moreover, it is related with the manufacture approach of a 
semiconductor device of having the refractory metal gate electrode with which the work function was controlled 
by the class of impurity introduced, and its concentration. 
[0002] 

[Description of the Prior Art] It is known by using SOI (Silicon on Insulator) structure that full separation 
between components becomes easy and that control of a latch rise peculiar to a soft error or CMOSTr will be 
attained. Moreover, examination about what the high speed and high-reliability-ization of CMOSTr LSI are 
attained for using the SOI structure where the thickness of Si barrier layer is about 500nm has been performed 
comparatively early. 

[0003] Recently, it has turned out that make Si layer on the front face of SOI thin to about 100 morenm, and it 
controls in the condition that the high impurity concentration of a channel is also comparatively low, and the 
further excellent engine performance, such as control of a short channel effect and improvement in the current 
drive capacity of MOSTr, will be obtained if it is made conditions (perfect depletion mold) which the whole Si 
barrier layer depletion~izes mostly. 

[0004] However, n+Poly Si used abundantly from the former When using as gate electrode material to NMOSTr, in 
order to carry out the threshold electrical potential difference Vth near [ 0.5 - 1 .OV ] Tr usual enhancement type, 
it is -1017-/cm2 about the high impurity concentration of a channel. It must carry out above. Then, in order to 
produce enhancement type Tr with a perfect depletion mold, examination which uses p+Poly Si (B-DOPOS) as a 
gate ingredient is performed in recent years. 

[0005] Bulk Si to which detailed-ization progresses on the other hand It also sets to a device and is Poly Si of 
the above-mentioned n mold. N channel, NMOSTr is received for the purpose of also using the work function of a 
gate electrode and adjusting Vth, since a P channel cannot form MOSTr of a surface channel mold strong against 
a short channel effect in coincidence. To n+Poly Si and PMOSTr, it is p+Poly Si. Dual Gate used, respectively A 
process is examined and it is for the first time. 

[0006] Drawing 33 (a) is the expanded sectional view showing the gate electrode in the semiconductor device 
which is the sectional view showing the conventional semiconductor device, and shows drawing 33 (b) to dxayylng 
33 (a), and its near part (field of A), and is p+Poly Si. After forming a gate electrode, the trouble produced by 
giving a heat treatment process is shown. 

[0007] As shown in draw (a), the LOCOS oxide film 103 for performing isolation is formed in the front face 
of a silicon substrate 101. next, p+Poly Si which doped B through gate oxide 102 on the silicon substrate 101 
(Dope) from — the becoming gate electrode 105 forms — having — a this gate electrode 105 and silicon 
substrate 101 top — Si02 from — the becoming interlayer insulation film 107 is formed. 
[0008] 

[Problem(s) to be Solved by the Invention] By the way, p+Poly Si which doped this B (Dope) When it uses as a 
gate electrode 105, depending on the thermal process after doping B to the gate electrode 105 Si02 whose B in 
the gate electrode 105 is an interlayer insulation film 107 as shown in drawing. 3^^ (b) etc. — a deposit (deposit 
111 of B) — carrying out — and B — comparatively — quick — Si02 Inside is diffused (diffusion 1 1 3 to the 
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interlayer insulation film of B). For this reason. Poly Si The concentration of inner B falls and it is Poly Si. In 
depletion-izing ****, it is p+Poly Si by this, A work function will be changed, in addition, same Si02 it is — even 
if — it is enlarged [ the diffusion coefficient of B ] by the inside of the interlayer insulation film 107 which is 
inferior to compactness from gate oxide 102. 

[0009] That is. since the degree of the diffusion 1 13 to the interlayer insulation film of B changes according to 
the temperature of a next thermal process consequently, variation arises also in change of the work function of 
the gate electrode 105. Therefore, this p+Poly Si The variation in each property which makes the start Vth 
variation of the transistor used for the gate electrode 105 will increase. 

[0010] Moreover, variation in each above property and p+Poly Si It is becoming still more difficult to form the 
component of the property which lessened the field internal division cloth of the work function of the gate, and 
was stabilized in respect of the following, p+Poly Si of the completion by fluctuation of the thermal process after 
introducing an impurity into a gate electrode p+Poly Si by difference of the thermal process at the time of 
manufacture by the difference between fluctuation of the property of a gate electrode and the type of a 
semiconductor device It is because the effectual temperature distribution within a Wafer side also increase by 
diameter-ization of macrostomia of not only fluctuation of a work function but the adoption of RTA (Rapid 
Thermal Anneal) with temperature distribution large especially in recent years and Wafer etc. 
[001 1] Consequently, this p+Poly Si Vth of Tr which used this for the gate electrode corresponding to fluctuation 
of a work function will be changed in a field, and is becoming a big trouble on semiconductor device production 
for future low-battery-izing and low-power-izing. that is, — if p+Poly Si (B-DOPOS) is used as a gate ingredient 

— Channel — Non-Dope it is — Vth is set a little to -IV to slight height by the case, and it is becoming a 
problem in the future device with which supply voltage falls for low-power-izing. 

[0012] Moreover, the above troubles are p+Poly Si by which B was doped. Not only when it is the gate electrode 
of a monolayer, but Si02 W-Polycide which is the problem generally observed when using the gate electrode with 
which B which is an impurity with an inner large diffusion coefficient was doped for example, by which B was 
doped WSix by which the gate and B were doped The case of the monolayer gate etc. is also a common problem. 
That is, it is Doping to refractory metal silicide about an impurity like B. Since the diffusion coefficient of B in 
Si02 which are silicide and the insulator layer which usually encloses a gate electrode is very large when it 
carries out, even if it introduces B of a certain constant rate, B concentration in the silicide of completion will be 
changed according to a subsequent thermal process. Consequently. WSix of completion It is Dose of B about the 
work function of the gate. It was impossible to have controlled only by the amount to the work function made into 
an aim. 

[0013] Moreover. WSix Examination which uses refractory metal silicide [ like ] by the monolayer, and adjusts Vth 
of SOITr of a perfect depletion mold to a suitable value is also beginning to be performed. As for refractory metal 
silicide like WSix. generally, there is much what has the work function near [ Mid-Gap ] Si. the case where 
refractory metal silicide is used for the gate electrode of SOITr of a perfect depletion mold — Vth — Channel — 
Non-Dope it is — it becomes — 0.5V and a suitable value by -0.5V and P-MOS by N-MOS at the time. 
[0014] furthermore. WSix MoSix refractory metal silicide [ like ] — a gate electrode — using — the presentation 

— a stoichiometric composition ratio — Si Rich ** — introducing B. when it carries out — Non-Dope comparing 
and introducing As to the p+Si side — Non-Dope It has become clear that it compares and some of the work 
function can be adjusted to the n+Si side. 

[0015] Moreover, about the Vth control of Tr by the impurity of Channel, the problem of increase of Vth 
dispersion by statistical fluctuation is pointed out from detailed-izing of Tr size, and reduction of the amount of 
impurities contained in the Channel section of Tr per [ in accordance with it ] piece. Although this is not the 
demand which approached like [ in SOITr of a perfect depletion mold ]. it is a technique which can creep in the 
future and is needed. 

[0016] As mentioned above, controlling correctly to the value of Vth with an eye on the semiconductor device 
which has Tr of Vth which has good control of striking the class of impurity and its concentration in any direction 
according to various kinds of TKs) by the ion implantation, and is different from a situation which was described 
when manufacturing the semiconductor device which has the refractory metal silicide gate electrode by which 
the work function was controlled is called for. That is, the manufacture approach of a suitable semiconductor 
device of not fluctuating Profile of the impurity in the gate electrode after an ion implantation is searched for. 
[0017] The purpose of invention which this invention is made in consideration of the above situations, and relates 
to claims 1-13 is to offer the semiconductor device which suppressed fluctuation of the work function of the 
gate electrode of the completion produced according to that thermal process, and made small variation in a 
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threshold electrical potential difference, and its manufacture approach, even when a thermal process is in the 

production process after forming the gate electrode which introduced the high-concentration impurity. 

[0018] Moreover, the purpose of invention concerning claims 14-18 is also in the process which forms a diffusion 

barrier layer at an elevated temperature comparatively to offer the manufacture approach of a semiconductor 

device correctly controllable to the value with an eye on the high impurity concentration of a gate electrode, in 

order to control the out-diffusion of the impurity in a gate electrode. 

[0019] 

[Means for Solving the Problem] the semiconductor device concerning this invention was formed on the gate 
electrode which was formed through gate dielectric film on the semi-conductor substrate and which introduced 
the high-concentration impurity , the insulator layer or the electric conduction film containing the nitrogen 
formed in the upper part and the side attachment wall section of this gate electrode , and this insulator layer or 
the electric conduction film in order to solve the above-mentioned technical problem — at least — SiO 2 it is 
characterize by to provide the include interlayer insulation film . 

[0020] Moreover, the manufacture approach of the semiconductor device concerning this invention The process 
which forms gate dielectric film on a semi-conductor substrate, and the process which deposits the electric 
conduction film on this gate dielectric film, The process which introduces an impurity into this electric conduction 
film, the process which deposits the insulator layer containing nitrogen on this electric conduction film, and by 
processing this insulator layer and the electric conduction film the process which leaves an insulator layer on the 
gate electrode which consists of this electric conduction film, the process which forms the insulator layer which 
contains nitrogen in the side attachment wall of this insulator layer and this gate electrode, and this insulator 
layer top — Si02 from — it is characterized by providing the process which deposits the becoming interlayer 
insulation film. 

[0021] By the above-mentioned semiconductor device and its manufacture approach, the insulator layer 
containing nitrogen is formed on the gate electrode which introduced the high-concentration impurity, and the 
insulator layer which contains nitrogen in the side attachment wall of a gate electrode is formed. For this reason, 
even if a thermal process is in the production process after forming a gate electrode, the impurity in a gate 
electrode is Si02 in that case. It can control being spread in the direction of the included interlayer insulation 
film. Therefore, the impurity introduced into the gate electrode can be activated effectively, fluctuation by the 
thermal process of the work function of the gate electrode of completion is suppressed, and variation in a 
threshold electrical potential difference can be made small. 

[0022] Moreover, the manufacture approach of the semiconductor device concerning this invention is 
characterized by providing the process which forms gate dielectric film on a semi-conductor substrate, the 
process which deposits the refractory metal silicide film on this gate dielectric film, the process which forms the 
thin film for out-diffusion prevention of an impurity on this refractory metal silicide film, and the process which 
introduces an impurity into this refractory metal silicide film through this thin film. 

[0023] By the manufacture approach of the above-mentioned semiconductor device, after forming the thin film 
for out-diffusion prevention of an impurity on the refractory metal silicide film, the impurity is introduced into the 
refractory metal silicide film through this thin film. The problem produced when an impurity is introduced into the 
refractory metal silicide film (gate electrode) by this before forming the thin film for out-diffusion prevention as a 
diffusion barrier layer of an impurity is lost. That is, it is because the spatial redistribution of the out-diffusion of 
the impurity in the refractory metal silicide film by the thermal process at the time of formation of this thin film 
or a longitudinal direction can be controlled. 

[0024] Moreover, the manufacture approach of the semiconductor device concerning this invention The process 
which forms gate dielectric film on a semi-conductor substrate, and the process which deposits the refractory 
metal silicide film on this gate dielectric film, It is characterized by providing the process which carries out 
pattern NINGU of this refractory metal silicide film, and forms a gate electrode, the process which forms the thin 
film for out-diffusion prevention of an impurity in all or some of these gate electrode surfaces, and the process 
which introduces an impurity into this gate electrode through this thin film. 

[0025] By the manufacture approach of the above-mentioned semiconductor device, after carrying out pattern 
NINGU of the refractory metal silicide film, the thin film for out-diffusion prevention of an impurity is formed in all 
or some of gate electrode surfaces, and an impurity is introduced into this gate electrode through this thin film 
after that. Thereby, the work function of a gate electrode is decided according to high impurity concentration 
with one simple substance Tr. and fluctuation of the work function by the counter diffusion of the longitudinal 
direction of the impurity in a gate electrode is not produced. 
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[0026] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of this invention is explained with 
reference to a drawing. Prawing 1 (a) is the sectional view showing the semiconductor device by the gestalt of 
implementation of the 1st of this invention. p+Poly Si by which B (boron) for which this semiconductor device is 
used with a semiconductor integrated circuit was doped from — it has the becoming gate electrode. 
[0027] It is Bulk as shown in draMn 1 (a). The LOCOS oxide film 2 is formed in the front face of a silicon 
substrate 1. Gate oxide 3 is formed on the front face of the silicon substrate 1 between this LOCOS oxide-film 2, 
and the gate electrode 5 is formed on this gate oxide 3. This gate electrode 5 is Poly Si whose thickness is 
1 50nm. It is formed with the film and is this Poly Si. It is doped in it in the amount of douse (Dose) whose B is 
about [ 5x1 01 5cm - ] two, and the film is p+. It is a mold. In addition, this Poly Si B concentration in the film is - 
3.3x1 020cm-3. 

[0028] Si3 N4 whose thickness is about -150nm on the gate electrode 5 The film 7 is formed and it is Spacer in 
the side attachment wall of the gate electrode 5. Si3 N4 whose width of face is about -150nm Side Wall Spacer 9 
which consists of film is formed, in addition, Si3 N4 the film 7 and Side Wall Spacer 9 — LPCVD (Low Pressure 
Chemical Vapor Deposition) — it is formed of law. 

[0029] Si3 N4 the film 7, Side Wall Spacer 9, and LOCOS oxide-film 2 top — Si02 from — the becoming 
interlayer insulation film 1 1 is formed. 

[0030] According to the gestalt of implementation of the above 1st, it is Si3 N4 on the gate electrode 5. The film 
7 is formed and it is Si3 N4 to the side attachment wall of the gate electrode 5. Side Wall Spacer 9 which 
consists of film is formed. For this reason, even if a thermal process is in the production process after forming 
the gate electrode 5, it can control that B in the gate electrode 5 is spread in the direction of an interlayer 
insulation film (Si02) 1 1 in that case (out-diffusion). Therefore, B doped to the gate electrode 5 can be activated 
effectively, the fluctuation (heterogeneity of a work function) by the thermal process of the work function of the 
gate electrode 5 of completion is suppressed, and variation in a threshold electrical potential difference can be 
made small. 

[0031] Moreover, p+Poly Si of the work function stabilized since it was hard to be influenced of the thermal 
process after gate electrode 5 formation It becomes possible to form a gate electrode. Therefore, although the 
thermal processes given to it will also differ if the classes of semiconductor device to manufacture differ, the 
thermal process is embraced even in such a case, and it is p+Poly Si of completion. It can lose changing the work 
function of a gate electrode. Furthermore, even when the effectual temperature distribution within a Wafer side 
increase by large adoption of temperature distribution of RTA, diameter-ization of macrostomia of Wafer, etc., it 
is p+Poly Si of completion. The component of the property which lessened the field internal division cloth of the 
work function of a gate electrode, and was stabilized can be formed. 

[0032] In addition. Poly Si by which B was doped with the gestalt of implementation of the above 1 st WSix by 
which B was doped although the gate electrode 5 of a monolayer was used Poly Si WSix which is possible also for 
using the gate electrode of Polycide of two-layer structure and by which B was doped It is also possible to use 
the gate electrode of a silicide monolayer [ like ]. 

[0033] Moreover, although B concentration in the gate electrode 5 is set to -3.3x1 020cm-3. it is also possible for 
it not to be limited to this but to choose B concentration according to each device. 

[0034] Moreover. Si3 N4 formed of LP-CVD as film which controls diffusion of B from the gate electrode 5 It is 
also possible to use an insulator layer like [ although film 7 and 9 is used ] the SiON film formed of Plasma CVD 
as film which controls diffusion of B from the gate electrode 5, and it is also possible to use conductive film like 
TiN formed by CVD or the Sputter method. 

[0035] Moreover, although B within a solid-solution limit is doped to the gate electrode 5. it is also possible to 
dope sufficient B which exceeds a solid-solution limit to the gate electrode 5. Thus, when doping B exceeding a 
solid-solution limit and heat-treating to a silicon substrate (Wafer) for activating B in a gate electrode, even if 
there are temperature distribution of extent which is in a Wafer side, it is absorbed, and properties, such as a 
work function of each gate electrode of completion, are not changed, namely, the property of each gate electrode 
can be stabilized. 

[0036] Moreover, it is Si3 N4 to the upper part and the side-attachment-wall section of the gate electrode 5. 
Although film 7 and 9 is formed, it is also possible to form the electric conduction film which contains nitrogen in 
the upper part and the side-attachment-wall section of the gate electrode 5. 

[0037] Drayving 1 (b) is the sectional view of the semiconductor device in which the modification of the 
semiconductor device by the gestalt of the 1 st operation shown in drayying J (a) is shown, gives the same sign to 
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the same part as dravying 1 (a), and explains only a different part. 

[0038] Si3 N4 whose thickness is about -lOnm on the gate electrode 5 Si3 N4 whose thickness the film 7 is 
formed and is about -lOnm at the side attachment wall of the gate electrode 5 The film 9 is formed. Si3 N4 On 
the film 7. it is Si02. The film 13 is formed and it is Si3 N4. In the side face of the film 9. it is Si02. The film 15 is 
formed, moreover, Si3 N4 SiH2 012 usual in film 7 and 9 NHS LPOVD by the thermal reaction of mixed gas — it is 
formed of law. In addition, it is the insulator layer and Spacer of OffSet of the upper part of the gate electrode 5, 
and the side-attachment-wall section in this way. They are Si02 / Si3 N4 as an insulator layer. It is the insulator 
layer and Spacer of OffSet to use the twoHayer film. It is for considering as the value of a request of width of 
face. 

[0039] Also in the above-mentioned modification, the same effectiveness as the gestalt of the 1st operation can 
be acquired. 

[0040] moreover — above — Si3 N4 of the upper part of the gate electrode 5, and the side-attachment-wall 
section although thickness of film 7 and 9 is thin-film-ized to about -lOnm ~ usual SiH2 012 NHS LPOVD by the 
thermal reaction of mixed gas — SiS N4 formed by law the film - even if it is several nm thickness, it fully has 
the barrier property to diffusion of impurities, such as B. 

[0041] Moreover, SiS N4 The increment in the dielectric constant of an interlayer film can be suppressed by 
forming the thickness of film 7 and 9 thinly with about -lOnm. For this reason, while being able to operate a 
semiconductor device more at high speed, it is high LP-Si3 N4 of stress. The fall of the dependability of the 
device by the film can be suppressed to the minimum. However, when using film like SiON by which stress and a 
presentation were controlled using Plasma OVD etc., even if it forms the SiON film comparatively thickly, the 
increment in stress or a dielectric constant can be disregarded. 

[0042] Drawing 2 - drawing^^^^^^^^^^^ are the sectional views showing the manufacture approach of the semiconductor 
device by the gestalt of implementation of the 2nd of this invention, and also show the production process for 
producing the structure of the gate electrode shown in drawing 1 (a). 

[0043] First, as shown in drawing 2 , the LOCOS oxide film 2 and Well which is not illustrated are prepared in a 
silicon substrate 1, and isolation is performed using this LOOOS oxide film 2, Well, etc. Next, on the front face of 
the silicon substrate 1 of a component field, gate oxide 3 is formed by the oxidizing [ thermally ] method (growth). 

[0044] Then, Poly Si whose thickness it is thin to a gate electrode on gate oxide 3 and the LOOOS oxide film 2 is 
about -150nm as shown in drawing 3 The film 5 accumulates. 

[0045] Next, it is Poly Si as shown in drawing 4 . The photoresist film 21 is formed on the film 5. The pattern 
configuration of this photoresist film 21 carries out opening of the P-MOS section. Then, it is Poly Si, using this 
photoresist film 21 as a mask. B is doped by the film 5 by the ion implantation 23 of BF2+. 
[0046] In addition, in order to consider as the device of the surface channel mold with which the fall of the 
threshold electrical potential difference Vth by the short channel effect cannot produce both N-MOSTr and P- 
MOSTr easily, it is n+ to N-MOS. It is p+ to the gate and P-MOS. It is necessary to adopt the gate, respectively. 
Therefore, the ion implantation to the gate is had good control of striking in any direction with a resist mask. 
[0047] Then, as shown in drayym^^^^^^^ , the above-mentioned photoresist film 21 is removed, and It is p+PolySi. On 
the film 5, SiS N4 film 7 whose thickness is about -150nm accumulates by the LPOVD method. SiS N4 at this 
time For example, using a vertical mold OVD system, temperature is set into 760 degrees O. they set a pressure 
to 53Pa. and the deposition conditions of the film 7 are SiH2 012 / NHS / N2. It considers as the flow rate of 
90/600/500sccm using reactant gas, respectively. 

[0048] Next, as shown in drayying 6 , it is SiS N4. The photoresist film 25 is formed on the film 7, and this 
photoresist film 25 has the pattern of a gate electrode. 

[0049] Then, it is Si3N4, using this photoresist film 25 as a mask, as shown in drawing 7 . Etching processing of 
the film 7 is carried out. SiS N4 at this time The processing conditions of the film 7 are for example, the 
magnetron mold Etcher. It uses, and temperature is set into 20 degrees O. a pressure is set to 2.7Pa, and they 
are 1000W and 0HF3 about RFPower. A flow rate is set to 45sccm(s). Next, the photoresist film 25 is removed. 
[0050] Next, as shown in dray^^^^^^ , it is SiS N4. It is p+Poly Si, using the film 7 as a mask. Etching processing of 
the film 5 is carried out. Thereby, gate oxide 3 is minded on a silicon substrate 1 , and it is p+Poly Si. The gate 
electrode 5 which consists of film is formed. Then, the LDD layer which is not illustrated is formed in a silicon 
substrate 1 by introducing an impurity into the LDD field in a silicon substrate 1 which is not illustrated (ion 
implantation). In addition, an ion implantation is with the case of N-MOSTr. and the case of P-MOSTr. that is, the 
case of an N channel, and in the case of a P channel, it is necessary to have good control of striking it in any 
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direction suitably using a resist mask. 

[0051] Then, as shown in drawing 9 , in the whole surface, it is Si3 N4. The film accumulates. Next, this Si3 N4 
Etch Back [ film ] using anisotropy processing By carrying out, it is Si3 N4 in the side attachment wall of the gate 
electrode 5. LDD which consists of film Spacer 9 is formed. Si3 N4 at this time Both membranous deposition 
conditions and processing conditions use the above-mentioned thing. 

[0052] Next, after depositing the thin oxide film for channeling prevention which is not illustrated, as shown in 
<il?!tyM}MAQ . 'the photoresist film 27 is formed on a silicon substrate 1. The pattern configuration of this 
photoresist film 27 carries out opening of the source drain field formation section. Then, the diffusion layer of the 
source drain field which is not illustrated is formed by carrying out the installation 29 of an impurity, for example, 
the ion implantation of BF2+ to a silicon substrate 1 by using this photoresist film 27 as a mask. In addition, this 
ion implantation is with the case of N-MOSTr, and the case of P-MOSTr, that is. the case of an N channel, and 
in the case of a P channel, it is necessary to have good control of striking it in any direction suitably using a 
resist mask. 

[0053] Next, after removing the photoresist film 27, heat treatment (annealing) for activating the gate electrode 5, 
a LDD layer, the diffusion layer of a source drain field, and other impurity installation layers is performed. For 
example, in Ar ambient atmosphere, temperature is made into 1000 degrees C, they make the processing time 10 
seconds, and RTA processing is used for the heat treatment conditions at this time. 

[0054] Then, as shown in dravying 11 , it is Si3 N4 in the usual process. The film 7, SideWall An interlayer 
insulation film 11 accumulates on Spacer 9 and a silicon substrate 1. Next, contact hole 11a is prepared in this 
interlayer insulation film 11, a gap is filled by metal 31. wiring 33 is formed on this metal 31, and the inside of this 
contact hole 11a completes a component. 

[0055] According to the gestalt of implementation of the above 2nd, it is Si3 N4 on the gate electrode 5. The film 
7 is formed and it is Si3 N4 to the side attachment wall of the gate electrode 5. Side Wall Spacer 9 which 
consists of film is formed. For this reason, it can control that B in the gate electrode 5 is spread in the direction 
of an interlayer insulation film (Si02) 1 1 in the case of the thermal process after forming the gate electrode 5 
(out-diffusion). Therefore. B doped to the gate electrode 5 can be activated effectively, fluctuation by the 
thermal process of the work function of the gate electrode 5 of completion is suppressed, and variation in a 
threshold electrical potential difference can be made small. 

[0056] moreover. p+Poly Si of the work function stabilized since it was hard to be influenced of the thermal 
process after gate electrode 5 formation from — it becomes possible to form the becoming gate electrode 5. 
Therefore, although the thermal processes given to it will also differ if the classes of semiconductor device to 
manufacture differ, the thermal process is embraced even in such a case, and it is p+PolySi of completion. It can 
lose changing the work function of a gate electrode. Furthermore, even when the effectual temperature 
distribution within a Wafer side increase by large adoption of temperature distribution of RTA, diameter-ization of 
macrostomia of Wafer, etc., it is p+Poly Si of completion. The component of the property which lessened the field 
internal division cloth of the work function of a gate electrode, and was stabilized can be formed. 
[0057] That is. it is Si3 N4 about a gate electrode. By surrounding by the insulator layer which controls diffusion 
of an impurity [ like ]. it can prevent B in the gate electrode 5 after heat treatment decreasing by out-diffusion. 
That is, it is not concerned with the existence of heat treatment after gate electrode 5 formation, the height of 
heat treatment temperature, and the merits and demerits of heat treatment time amount, but B concentration in 
the gate electrode 5 can be maintained while it has been [ at the time of B dope ] high. For this reason, even if 
this thermal process changes or the effectual temperature distribution within the Wafer side in a thermal process 
get worse, fluctuation of B concentration in the gate electrode of completion can be made small. 
[0058] In addition. Poly Si by which B was doped with the gestalt of implementation of the above 2nd It is WSix 
although the manufacture approach of the semiconductor device using the gate electrode 5 of a monolayer is 
explained. The thing using the gate electrode of Polycide of two-layer structure with Poly Si may be used, and it 
is WSix. The thing using the gate electrode of a silicide monolayer [ like ] may be used. 

[0059] Moreover, although the device about Tr formed on the Bulk Si substrate 1 is used, it is also possible to 
use the device of SOI structure. 

[0060] Moreover, it is Si3 N4 as an insulator layer for diffusion prevention. The film 7 and LDD Although the 
manufacture approach of the semiconductor device using Spacer 9 is explained For example, thin LP-Si3 N4 The 
film and Si02 If it combines and deposits with Si02 / Si3 N 4 = 140 / lOnm The rest is the OffSet insulator layer 
and Side Wall Spacer of the gate. It is also possible to produce the semiconductor device shown in drawing 1 (b) 
only by changing some membranous processing conditions. 
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[0061] namely, Poly Si shown in drawing 5 a film 5 top — LPCVD — Si3 N4 whose thickness is about -150nm by 
law After depositing the film 7 As shown in drawing 9 , it is Si3 N4 to the whole surface. The film is deposited and 
it is this SiS N4. Etch Back [ film ] using anisotropy processing By carrying out, it is Si3 N4 to the side 
attachment wall of the gate electrode 5. LDD which consists of film Although Spacer 9 is formed Poly Si a film 5 
top — LPCVD — thin SiS N4 whose thickness is about -lOnm by law The film is deposited. This Si3 N4 Si02 
whose thickness is about -14Gnm on the film After depositing the film, the side attachment wall of the gate 
electrode 5 — LPCVD — thin Si3 N4 whose thickness is about -lOnm by law the film — forming — further — 
this Si3 N4 Si02 whose thickness is about -140nm at a membranous side attachment wall By forming the film It 
is SiS N4 to the side attachment wall of the gate electrode 5. The film and Si02 LDD which consists of film 
Spacer Forming is also possible, moreover, LPCVD usual as mentioned above — SiS N4 formed by law if it is the 
film - the out-diffusion of impurities, such as B from a gate electrode, can fully be controlled by thickness 
(several nm or -lOnm). 

[0062] Moreover, although gate oxide S is formed by the oxidizing [ thermally ] method on the front face of a 
silicon substrate 1, It is also possible to form the gate dielectric film which consists of a nitriding oxide film which 
comes to nitride an oxide film on the front face of a silicon substrate 1 . That is, although what is necessary is 
just to control the out-diffusion in the upper part and the side-attachment-wall section of the gate electrode 5 
since B concentration in the gate electrode 5 falls by carrying out out-diffusion of the B doped by the gate 
electrode 5 through the interlayer insulation film 1 1 with a mainly large diffusion coefficient Preferably, in order to 
control the diffusion rate of B also about gate oxide S, it is good to adopt the nitriding oxide film which comes to 
nitride an oxide film S, to control further the fall of B concentration in the gate electrode 5, and to fully control 
fluctuation of the work function of the gate electrode 5 of completion etc. 

[0063] It is WSix by which drawing 12 - drawing 2^^ are the sectional views showing the manufacture approach of 
the semiconductor device by the gestalt of operation of the 3rd of this invention, and the work function with 
which the gestalt of this operation was formed on the Bulk Si substrate in this invention was controlled. It applies 
to manufacture of the MOS mold semiconductor device which has a gate electrode. 

[0064] First, as shown in drawing^^^^^^^ , the LOCOS oxide film 2 and Well which is not illustrated are prepared in a 
silicon substrate 1, and isolation is performed using this LOCOS oxide film 2. Well, etc. Next, on the front face of 
the silicon substrate 1 of a component field, gate oxide 3 is formed by the oxidizing [ thermally ] method (growth). 

[0065] Then. WSix whose thickness it is thin to a gate electrode on gate oxide 3 and the LOCOS oxide film 2 is 
about -100nm as shown in dravym^ 13 The film 41 accumulates. WSix at this time The deposition conditions of 
the film 41 are Cold Wall. Using a mold CVD system, temperature is set into 680 degrees C, a pressure is set to 
40Pa, and it considers as the flow rate of 100/1. 6/1 OOsccm using the reactant gas of SiH2 012 / WF6 / Ar, 
respectively. WSix The presentation ratio of the film 41 is W:Si=1:3.0. 

[0066] It is WSix here. The film 41 is Si Rich from a stoichiometric composition ratio. It has become. This is WSix 
at a next process. As, and B or Phos introduced into the film 41 The class and its Dose of an impurity [ like ] It is 
because the work function of the gate electrode of completion is controlled according to an amount. 
[0067] Next, it is WSix as shown in drawing 14 . On the film 41, it is LP. - SiS N4 whose thickness is about -lOnm 
by the CVD method The film 43 accumulates. For example, using a vertical mold CVD system, temperature is set 
into 760 degrees C. they set a pressure to 53Pa, and the deposition conditions of SiS N4 film 43 at this time are 
SiH2 012 / NH3 / N2. It considers as the flow rate of 90/600/500sccm using reactant gas. respectively. This SiS 
N4 The film 43 is film for controlling the out-diffusion of B from the gate electrode upper part. 
[0068] Next, as shown in dravying J 5 , it is SiS N4. WSix which the photoresist film 45 is formed on the film 43, 
and serves as a gate electrode by using this photoresist film 45 as a mask The impurity of B+Ion47 grade is 
doped by the film 41 by the ion implantation. Under the present circumstances, in order to produce to 
coincidence the gate electrode (that is, transistor from which a threshold Vth differs) with which work functions 
differ in the same Wafer, the ion implantation to the gate is ion kinds and those Dose(s) by the resist mask. An 
amount has good control of striking a ball in any direction with each transistor from which Vth differs. 
[0069] Then, as shown in drawing^^^^l^^^^^ , the photoresist film 45 is removed, and on SiS N4 film 43, thickness is SiOJ 
which is about -150nm. The film 49 accumulates. This Si02 The film 49 is film for making it the ion implantation 
when forming a high-concentration diffusion layer not go into a gate electrode. 

[0070] Here, it is this Si02. Depositing at low temperature is desirable, for example, the film 49 is SiH4+02. At 
350-450 degrees C, deposition temperature deposits by the system of reaction with ordinary pressure CVD etc. 
It has good control of striking a ball in any direction with a resist mask at the process shown in drawing. 1 5 , and 
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this is WSix. It is for making it the impurity by which the ion implantation was carried out into the film 41 not 
mutually spread in a longitudinal direction. 

[0071] Next, it is Si02 as shown in dravying 17 . The photoresist film 51 is formed on the film 49. and this 
photoresist film 51 has the pattern of a gate electrode. 

[0072] Then, it is Si02, using this photoresist film 51 as a mask, as shown in dravying 18 . The film 49 and Si3 N4 
Etching processing of the film 43 is carried out. Si02 at this time The film 49 and Si3 N4 The processing 
conditions of the film 43 are for example, the magnetron mold Etcher. It uses, and temperature is set into 20 
degrees C, a pressure is set to 2.7Pa, and they are 1000W and CHF3 about RFPower. A flow rate is set to 
45sccm(s). Next, the photoresist film 51 is removed. 

[0073] Next, it is Si02 as shown in drayying 19 . It is WSix, using the film 49 as a mask. Etching processing of the 
film 41 is carried out. Thereby, gate oxide 3 is minded on a silicon substrate 1, and it is WSix. The gate electrode 
41 which consists of film is formed. Then, the LDD layer which is not illustrated is formed in a silicon substrate 1 
by introducing an impurity into the LDD field in a silicon substrate 1 which is not illustrated. In addition, 
installation of this impurity is with the case of N-MOSTr. and the case of P-MOSTr. and has good control of 
striking ion in any direction suitably using a resist mask. 

[0074] Then, Si02 whose thickness Si3 N4 film 53a whose thickness is about lOnm accumulates on the whole 
surface (WSix it deposits in contact with the side attachment wall of the film 41). it continues, and is about 
150nm on Si3 N4 film 53a as shown in drayying 20 Film 53b accumulates, next, this Si3 N4 Film 53a and Si02 Etch 
Back [ b / film 53] using anisotropy processing carrying out — the gate electrode 41 and Si02 the side 
attachment wall of the film 49 — Si02 / Si3 N4 from — becoming LDD Spacer 53 is formed. Si3 N4 at this time 
The film and Si02 Both the deposition conditions and processing conditions of film 53b use what was described 
above. Here, it is LDD. They are Si02 / Si3 N4 about Spacer 53. The reason made into twoHayer membrane 
structure is WSix in a next heat treatment process. It is for controlling the out-diffusion of the impurity from the 
side-attachment-wall part of the gate electrode 41 . 

[0075] Next, as shown in drayym^^^ , after depositing the thin oxide film 55 for channeling prevention on a silicon 
substrate 1. the photoresist film 57 is formed on a silicon substrate 1. The pattern configuration of this 
photoresist film 57 carries out opening of the source drain field formation section. Then, the diffusion layer of the 
source drain field which is not illustrated is formed by carrying out the installation 25 of an impurity, for example, 
the ion implantation of BF2+. to a silicon substrate 1 by using this photoresist film 57 as a mask. In addition, the 
case of N-MOSTr. and in the case of P-MOSTr. this ion implantation is suitably had good control of striking in 
any direction using a resist mask. 

[0076] Next, after removing the photoresist film 57. heat treatment for activating the gate electrode 41 . a LDD 
layer, the diffusion layer of a source drain field, and other impurity installation layers is performed. For example, in 
Ar ambient atmosphere, temperature is made into 1000 degrees C. they make the processing time 10 seconds, 
and RTA processing is used for the heat treatment conditions at this time. 

[0077] Then, as shown in d raw ing 22 . it is Si02 in the usual process. An interlayer insulation film 61 accumulates 
on the film 49. Sideall Spacer 53. and a silicon substrate 1. Next, contact hole 61a is prepared in this interlayer 
insulation film 61. a gap is filled by metal 63, wiring 65 is formed on this metal 63, and the inside of this contact 
hole 61a completes a component. 

[0078] WSix which serves as a gate electrode at the process shown in draw in g 14 according to the gestalt of 
implementation of the above 3rd It is Si3 N4 as a diffusion barrier layer on the film 41. When an ion implantation 
etc. makes an impurity the gate electrode (WSix film) 41 at the process which forms the film 43 and is shown in 
next drawing_.15 , it is Si3 N4. It has introduced through the film (diffusion barrier layer) 43. As shown in drayying 
31 (a), before forming the diffusion barrier layer of an impurity, in a field with a resist mask in a gate electrode 
(silicide) For this reason, an ion kind, Dose It stops producing a problem as shown in dravyin (b) called the 
spatial redistribution of the out-diffusion of the impurity in the gate electrode in the thermal process at the time 
of formation of the problem produced when an impurity is had good control of striking in any direction by Vth 
which makes an amount the aim of Tr and it introduces, i.e., this diffusion barrier layer, or a longitudinal direction. 
[0079] That is. after introducing an impurity into a gate electrode like the gestalt of the 2nd operation When 
depositing using the Si3 N4 CVD method which is the thin film which has the barrier nature to diffusion of an 
impurity It is LP on a gate electrode about the film. - (Si3 N4 by LP-CVD method the film is most excellent in 
respect of the diffusion barrier nature of an impurity, or the controllability of thickness.) Or WSix By nitriding a 
gate electrode directly, WN on the front face of a gate electrode in forming the becoming film Since all need an 
about 800-degree C elevated temperature for formation of a diffusion barrier layer (Si3 N4 the film and WN film). 
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the spatial redistribution of the out-diffusion of the impurity in a gate electrode or a longitudinal direction poses a 
problem. That is, it is the case of a process as shown in dravying 32 (a). However, with the gestalt of the 3rd 
operation, since the impurity is introduced into the gate electrode 41 after forming the diffusion barrier layer (SIS 
N4 film) 43 of the impurity in a gate electrode, neither the out-diffusion of the impurity in a gate electrode nor 
the problem of lateral spatial redistribution is produced. That is, it is the case of a process as shown in drawing 
32 (b). 

[0080] Therefore, the ion kind which carries out an ion implantation to the gate electrode 41 and its Dose It 
becomes possible to obtain the refractory metal silicide gate electrode which has with an amount the work 
function correctly made into an aim. Especially, it is WSix. The ion kind and Dose which are different in a Wafer 
side since the effect of the counter diffusion of the longitudinal direction of the impurity in a gate electrode can 
be lost When producing the gate electrode which introduces an amount and has a different work function, it 
becomes possible to control a work function correctly, without being influenced of mutual. 
[0081] Moreover, it is not based on the formation approach of a thin film (diffusion barrier layer) or formation 
conditions (especially heat treatment process) which control the out-diffusion of the impurity of a gate electrode, 
but it becomes possible to obtain the refractory metal silicide gate electrode which has the high impurity 
concentration made into the purpose controlled correctly. 

[0082] In addition, WSix by which it was formed on the Bulk Si substrate and the work function was controlled by 
the gestalt of implementation of the above 3rd It is also possible to apply this invention to manufacture of the 
semiconductor device which has other gate electrodes, although this invention is applied to manufacture of the 
MOS mold semiconductor device which has the gate electrode 41, for example, it is MoSix. It is also possible to 
apply this invention to manufacture of the semiconductor device which has the gate electrode which consists of 
refractory metal silicide [ like ]. This MoSix It is low Dose of -1x1013cm-2 like. When forming a gate electrode 
using silicide to which that work function changes from an amount a lot, especially this invention is effective. 
That is, when ion, such as a class of impurity which changes with locations, and different high impurity 
concentration, is had good control of striking in any direction to the gate electrode in order to produce Tr from 
which Vth differs before forming a diffusion prevention layer (Si3 N4 film), the spatial redistribution of the out- 
diffusion of the impurity in a gate electrode or a longitudinal direction poses a big problem. It is SiS N4 by LP- 
CVD. Auto-Doping when forming the film It is because it shifts from what also makes Vth of Tr of completion an 
aim as a result of changing from the value which the spatial redistribution of high impurity concentration etc. 
produces through a gaseous phase, and the work function of a gate electrode makes an aim by this. However, if 
an impurity is introduced into the gate electrode 41 after forming a diffusion prevention layer (Si3 N4 film 43) like 
the gestalt of the 3rd operation, it will not be influenced of the thermal process at the time of formation of a 
diffusion prevention layer. 

[0083] Moreover, although this invention is applied to the semiconductor device formed on the Bulk Si substrate 
1 , it is also possible to apply this invention to the semiconductor device formed in a SOI substrate. 
[0084] Moreover. Si3 N4 which is the film which touches the gate electrode 41 and controls the out-diffusion of 
the impurity in the gate electrode 41 It is LP about film 53a. - Although it is made to deposit with a CVD method, 
it is also possible to nitride gate electrode 41 self directly and to grow up a refractory metal nitride (WNx film). 
[0085] Moreover, all parameters, such as thickness of each thin film used in the gestalt of implementation of the 
above 3rd, are the example, and its design change is possible for any parameter suitably by the semiconductor 
device made into the purpose. 

[0086] Drayyin^^^^^ - diawing 3Q are the sectional views showing the manufacture approach of the semiconductor 
device by the gestalt of operation of the 4th of this invention, and the gestalt of this operation deposits the thin 
film for out-diffusion prevention of an impurity, after processing the refractory metal silicide of a gate electrode, 
and it explains the case where an ion implantation is performed to a gate electrode through this thin film. 
[0087] First, as shown in drawing 2^^ , the LOCOS oxide film 2 and Well which is not illustrated are prepared in a 
silicon substrate 1, and isolation is performed using this LOCOS oxide film 2, Well, etc. Next, on the front face of 
the silicon substrate 1 of a component field, gate oxide 3 is formed by the oxidizing [ thermally ] method (growth) 

[0088] Then. WSix whose thickness it is thin to a gate electrode on gate oxide 3 and the LOCOS oxide film 2 is 
about -lOOnm as shown in drawin^^^^ The film 41 accumulates. WSix at this time The deposition conditions of 
the film 41 are the same as that of what was shown with the gestalt of the 3rd operation. WSix The presentation 
ratio of the film 41 is W:Si=1 :3.0. 

[0089] It is WSix here. The film 41 is Si Rich from a stoichiometric composition ratio. It has become. This is WSix 
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at a next process. As, and B or Phos introduced into the film 41 The class and its Dose of an innpurity [ like ] It is 
because the work function of the gate electrode of completion is controlled according to an amount. 
[0090] Next, it is WSix as shown in drayying^^„^^^^ . The photoresist film 67 is formed on the film 41. and this 
photoresist film 67 has the pattern of a gate electrode. 

[0091] Then, it is WSix, using this photoresist film 67 as a mask, as shown in drawing^^^2^^ . Etching processing of 
the film 41 is carried out. Next, the photoresist film 67 is removed. 

[0092] Next, it is WSix as shown in dra\N\ng 21 . On the gate electrode 41 and a silicon substrate 1 . it is LP. - Si3 
N4 whose thickness is about -lOnm by the CVD method The film 43 accumulates. SiS N4 at this time The 
deposition conditions of the film 43 are the same as that of what was shown with the gestalt of the 3rd operation. 
This Si3 N4 The film 43 is film for controlling the out-diffusion of the impurity from the gate electrode 41. 
[0093] Next, the LDD layer which is not illustrated is formed in a silicon substrate 1 by introducing an impurity 
into the LDD field in a silicon substrate 1 which is not illustrated. In addition, installation of this impurity is with 
the case of N-MOSTr. and the case of P-MOSTr. and has good control of striking ion in any direction suitably 
using a resist mask. 

[0094] Then, as shown in drawm^^ . in the whole surface, it is Si02. The film 69 accumulates, next, this Si02 
Etch Back [ film / 69 ] using anisotropy processing carrying out — the side attachment wall of the gate electrode 
41 — Si3 N4 43 — minding — Si02 from — becoming LDD Spacer69 is formed. Si02 at this time Both the 
deposition conditions and processing conditions of the film 69 are the same as that of what was shown with the 
gestalt of the 3rd operation. 

[0095] Next, as shown in dray^im^^^ , after depositing the thin oxide film 55 for channeling prevention on a silicon 
substrate 1. the photoresist film 57 is formed on a silicon substrate 1. The pattern configuration of this 
photoresist film 57 carries out opening of the source drain field formation section. Then, the impurity to the 
diffusion layer of the gate electrode 41 and the source drain field of a silicon substrate 1 is introduced by using 
this photoresist film 57 as a mask (ion implantation). In addition, the case of N-MOSTr, and in the case of P- 
MOSTr, this ion implantation is suitably had good control of striking in any direction using a resist mask. 
[0096] Next, after removing the photoresist film 57, heat treatment for activating the gate electrode 41, a LDD 
layer, the diffusion layer of a source drain field, and other impurity installation layers is performed. For example, in 
Ar ambient atmosphere, temperature is made into 1000 degrees C. they make the processing time 10 seconds, 
and RTA processing is used for the heat treatment conditions at this time. 

[0097] Then, as shown in drayying 30 . it is Si3 N4 in the usual process. An interlayer insulation film 61 
accumulates on the film 43. Side all Spacer 69. and a silicon substrate 1. Next, contact hole 61a is prepared in 
this interlayer insulation film 61, a gap is filled by metal 63, wiring 65 is formed on this metal 63, and the inside of 
this contact hole 61a completes a component. 

[0098] It is WSix at the process which is shown in drawing^_.2^^^ according to the gestalt of implementation of the 
above 4th. It is Si3 N4 as a diffusion barrier layer on the gate electrode 41 at the process shown in dravy^m^^^^^ 
after carrying out patterning of the film 41 and forming a gate electrode. The film 43 was formed and the impurity 
is introduced into the gate electrode 41 by the ion implantation etc. at the process of subsequent drayyin^^^ . 
Thereby, the work function of a gate electrode is decided according to high impurity concentration with one 
simple substance Tr. and fluctuation of the work function by the counter diffusion of the longitudinal direction of 
the impurity in a gate electrode is not produced. 

[0099] That is, in introducing an impurity into this gate electrode by the ion implantation after processing of a 
gate electrode (refractory metal silicide film) and forming the impurity diffusion prevention film in this gate 
electrode after that, problems, such as out-diffusion of the impurity in a gate electrode, arise with the heat at the 
time of formation of this impurity diffusion prevention film. That is, it is the case of a process as shown in drawing 
32 (c). However, with the gestalt of the 4th operation, since the impurity diffusion prevention film is formed 
before performing the ion implantation of an impurity on the refractory metal silicide film, neither the out- 
diffusion of the impurity in a gate electrode nor the problem of lateral spatial redistribution is produced. That is, it 
is the case of a process as shown in draw^^^^ (d). Therefore, also in the gestalt of implementation of the above 
4th. the same effectiveness as the gestalt of the 3rd operation can be acquired. 

[0100] Moreover, in order to introduce the impurity to the diffusion layer of the gate electrode 41 and a source 
drain field at the process shown in drawing 29 , the ion kind introduced into a diffusion layer and the ion kind 
introduced into a gate electrode will become the same. Consequently, although some degrees of freedom on a 
process design will be lost, since a process can be simplified very much compared with the gestalt of the 3rd 
operation, the manufacturing cost of a semiconductor device can be lowered. 
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[0101] In addition, WSix by which it was formed on the Bulk Si substrate and the work function was controlled by 
the gestalt of implementation of the above 4th It is also possible to apply this invention to manufacture of the 
semiconductor device which has other gate electrodes, although this invention is applied to manufacture of the 
MOS mold semiconductor device which has the gate electrode 41, for example, it is MoSix. It is also possible to 
apply this invention to manufacture of the semiconductor device which has the gate electrode which consists of 
refractory metal silicide [ like ]. 

[0102] Moreover, although this invention is applied to the semiconductor device formed on the Bulk Si substrate 

1, it is also possible to apply this invention to the semiconductor device formed in a SOI substrate. 

[0103] Moreover, Si3 N4 which is the film which touches the gate electrode 41 and controls the out-diffusion of 

the impurity in the gate electrode 41 It is LP about the film 43. - Although it is made to deposit with a CVD 

method, it is also possible to nitride gate electrode 41 self directly and to grow up a refractory metal nitride (WNx 

Film). 

[0104] Moreover, all parameters, such as thickness of each thin film used in the gestalt of implementation of the 
above 3rd, are the example, and its design change is possible for any parameter suitably by the semiconductor 
device made into the purpose. 
[0105] 

[Effect of the Invention] According to invention which relates to claims 1-13 as explained above, the insulator 
layer which contains nitrogen in the upper part and the side-attachment-wall section of a gate electrode which 
introduced the high-concentration impurity is formed. Therefore, even when a thermal process is in the 
production process after forming a gate electrode, fluctuation of the work function of the gate electrode of the 
completion produced according to the thermal process can be suppressed, and variation in a threshold electrical 
potential difference can be made small. 

[0106] Moreover, according to invention concerning claim 14, after forming the thin film for out-diffusion 
prevention of an impurity on the refractory metal silicide film, the impurity is introduced into the refractory metal 
silicide film through this thin film. Moreover, according to invention concerning claim 15, after carrying out pattern 
NINGU of the refractory metal silicide film, the thin film for out-diffusion prevention of an impurity was formed in 
all or some of gate electrode surface, and the impurity is introduced into this gate electrode through this thin film 
after that. Therefore, in order to control the out-diffusion of the impurity in a gate electrode, also in the process 
which forms a diffusion barrier layer at an elevated temperature comparatively, it is correctly controllable to the 
value with an eye on the high impurity concentration of a gate electrode. 
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TECHNICAL FIELD 

[Field of the Invention] This invention relates to a semiconductor device and its manufacture approach. It is 
related with the semiconductor device which can maintain the property stabilized also after the semiconductor 
device which has the gate electrode with which B (boron) was doped especially went through the subsequent 
thermal process, and its manufacture approach. Moreover, it is related with the manufacture approach of a 
semiconductor device of having the refractory metal gate electrode with which the work function was controlled 
by the class of impurity introduced, and its concentration. 
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PRIOR ART 

[Description of the Prior Art] It is known by using SOI (Silicon on Insulator) structure that full separation 
between components becomes easy and that control of a latch rise peculiar to a soft error or CMOSTr will be 
attained. Moreover, examination about what the high speed and high-reliability-ization of CMOSTr LSI are 
attained for using the SOI structure where the thickness of Si barrier layer is about 500nm has been performed 
comparatively early. 

[0003] Recently, it has turned out that make Si layer on the front face of SOI thin to about 100 morenm, and it 
controls in the condition that the high impurity concentration of a channel is also comparatively low, and the 
further excellent engine performance, such as control of a short channel effect and improvement in the current 
drive capacity of MOSTr, will be obtained if it is made conditions (perfect depletion mold) which the whole Si 
barrier layer depletion-izes mostly. 

[0004] However, n+Poly Si used abundantly from the former When using as gate electrode material to NMOSTr, in 
order to carry out the threshold electrical potential difference Vth near [ 0.5 - 1.0V ] Tr usual enhancement type, 
it is -1017-/cm2 about the high impurity concentration of a channel. It must carry out above. Then, in order to 
produce enhancement type Tr with a perfect depletion mold, examination which uses p+Poly Si (B-^DOPOS) as a 
gate ingredient is performed in recent years. 

[0005] Bulk Si to which detailed-ization progresses on the other hand It also sets to a device and is Poly Si of 
the above-mentioned n mold. N channel. NMOSTr is received for the purpose of also using the work function of a 
gate electrode and adjusting Vth, since a P channel cannot form MOSTr of a surface channel mold strong against 
a short channel effect in coincidence. To n+Poly Si and PMOSTr, it is p+Poly Si. Dual Gate used, respectively A 
process is examined and it is for the first time. 

[0006] Dr aw ing 33 (a) is the expanded sectional view showing the gate electrode in the semiconductor device 
which is the sectional view showing the conventional semiconductor device, and shows drayym (b) to dravying 
33 (a), and its near part (field of A), and is p+Poly Si. After forming a gate electrode, the trouble produced by 
giving a heat treatment process is shown. 

[0007] As shown in drawing .3^^ (a), the LOCOS oxide film 103 for performing isolation is formed in the front face 
of a silicon substrate 101. next. p+Poly Si which doped B through gate oxide 102 on the silicon substrate 101 
(Dope) from — the becoming gate electrode 105 forms — having — a this gate electrode 105 and silicon 
substrate 101 top — Si02 from — the becoming interlayer insulation film 107 is formed. 
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EFFECT OF THE INVENTION ^ ^ 

[Effect of the Invention] According to invention which relates to claims 1-13 as explained above, the insulator 
layer which contains nitrogen in the upper part and the side-attachment-wall section of a gate electrode which 
introduced the high-concentration impurity is formed. Therefore, even when a thermal process is in the 
production process after forming a gate electrode, fluctuation of the work function of the gate electrode of the 
completion produced according to the thermal process can be suppressed, and variation in a threshold electrical 
potential difference can be made small. 

[0106] Moreover, according to invention concerning claim 14, after forming the thin film for out-diffusion 
prevention of an impurity on the refractory metal silicide film, the impurity is introduced into the refractory metal 
silicide film through this thin film. Moreover, according to invention concerning claim 15. after carrying out pattern 
NINGU of the refractory metal silicide film, the thin film for out-diffusion prevention of an impurity was formed in 
all or some of gate electrode surface, and the impurity is introduced into this gate electrode through this thin film 
after that. Therefore, in order to control the out-diffusion of the impurity in a gate electrode, also in the process 
which forms a diffusion barrier layer at an elevated temperature comparatively, it is correctly controllable to the 
value with an eye on the high impurity concentration of a gate electrode. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] By the way. p+Poly Si which doped this B (Dope) When it uses as a 
gate electrode 105. depending on the thermal process after doping B to the gate electrode 105 Si02 whose B in 
the gate electrode 105 is an interlayer insulation film 107 as shown in drawing 33 (b) etc. — a deposit (deposit 
111 of B) — carrying out — and B — comparatively — quick — Si02 Inside is diffused (diffusion 1 1 3 to the 
interlayer insulation film of B). For this reason, Poly Si The concentration of inner B falls and it is Poly Si. In 
depletion-izing ****, it is p+Poly Si by this. A work function will be changed, in addition, same Si02 it is — even 
if — it is enlarged [ the diffusion coefficient of B ] by the inside of the interlayer insulation film 107 which is 
inferior to compactness from gate oxide 102. 

[0009] That is, since the degree of the diffusion 113 to the interlayer insulation film of B changes according to 
the temperature of a next thermal process consequently, variation arises also in change of the work function of 
the gate electrode 1 05. Therefore, this p+Poly Si The variation in each property which makes the start Vth 
variation of the transistor used for the gate electrode 105 will increase. 

[0010] Moreover, variation in each above property and p+Poly Si It is becoming still more difficult to form the 
component of the property which lessened the field internal division cloth of the work function of the gate, and 
was stabilized in respect of the following. p+Poly Si of the completion by fluctuation of the thermal process after 
introducing an impurity into a gate electrode p+Poly Si by difference of the thermal process at the time of 
manufacture by the difference between fluctuation of the property of a gate electrode and the type of a 
semiconductor device It is because the effectual temperature distribution within a Wafer side also increase by 
diameter-ization of macrostomia of not only fluctuation of a work function but the adoption of RTA (Rapid 
Thermal Anneal) with temperature distribution large especially in recent years and Wafer etc. 
[001 1]. Consequently, this p+Poly SI Vth of Tr which used this for the gate electrode corresponding to fluctuation 
of a work function will be changed in a field, and is becoming a big trouble on semiconductor device production 
for future low-battery-izing and low-power-izing. that is, — if p+Poly Si (B-DOPOS) is used as a gate ingredient 

— Channel — Non-Dope it is — Vth is set a little to -IV to slight height by the case, and it is becoming a 
problem in the future device with which supply voltage falls for low-power-izing. 

[0012] Moreover, the above troubles are p+Poly Si by which B was doped. Not only when it is the gate electrode 
of a monolayer, but Si02 W-Polycide which is the problem generally observed when using the gate electrode with 
which B which is an impurity with an inner large diffusion coefficient was doped for example, by which B was 
doped WSix by which the gate and B were doped The case of the monolayer gate etc. is also a common problem. 
That is, it is Doping to refractory metal silicide about an impurity like B. Since the diffusion coefficient of B in 
Si02 which are silicide and the insulator layer which usually encloses a gate electrode is very large when it 
carries out, even if it introduces B of a certain constant rate, B concentration in the silicide of completion will be 
changed according to a subsequent thermal process. Consequently, WSix of completion It is Dose of B about the 
work function of the gate. It was impossible to have controlled only by the amount to the work function made intc 
an aim. 

[0013] Moreover, WSix Examination which uses refractory metal silicide [ like ] by the monolayer, and adjusts Vth 
of SOITr of a perfect depletion mold to a suitable value is also beginning to be performed. As for refractory metal 
silicide like WSix, generally, there is much what has the work function near [ Mid-Gap ] Si. the case where 
refractory metal silicide is used for the gate electrode of SOITr of a perfect depletion mold — Vth — Channel — 
Non-Dope it is — it becomes — 0.5V and a suitable value by -0.5V and P-MOS by N-MOS at the time. 
[0014] furthermore, WSix MoSix refractory metal silicide [ like ] — a gate electrode — using — the presentation 

— a stoichiometric composition ratio — Si Rich ** — introducing B, when it carries out — Non-Dope comparing 
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and introducing As to the p+Si side — Non-Dope It has become clear that it compares and some of the work 
function can be adjusted to the n+Si side. 

[0015] Moreover, about the Vth control of Tr by the impurity of Channel, the problem of increase of Vth 
dispersion by statistical fluctuation is pointed out from detailed-izing of Tr size, and reduction of the amount of 
impurities contained in the Channel section of Tr per [ in accordance with it ] piece. Although this is not the 
demand which approached like [ in SOITr of a perfect depletion mold ]. it is a technique which can creep in the 
future and is needed. 

[0016] As mentioned above, controlling correctly to the value of Vth with an eye on the semiconductor device 
which has Tr of Vth which has good control of striking the class of impurity and its concentration in any direction 
according to various kinds of Tr(s) by the ion implantation, and is different from a situation which was described 
when manufacturing the semiconductor device which has the refractory metal silicide gate electrode by which 
the work function was controlled is called for. That is. the manufacture approach of a suitable semiconductor 
device of not fluctuating Profile of the impurity in the gate electrode after an ion implantation is searched for. 
[0017] The purpose of invention which this invention is made in consideration of the above situations, and relates 
to claims 1-13 is to offer the semiconductor device which suppressed fluctuation of the work function of the 
gate electrode of the completion produced according to that thermal process, and made small variation in a 
threshold electrical potential difference, and its manufacture approach, even when a thermal process is in the 
production process after forming the gate electrode which introduced the high-concentration impurity. 
[0018] Moreover, the purpose of invention concerning claims 14-18 is also in the process which forms a diffusion 
barrier layer at an elevated temperature comparatively to offer the manufacture approach of a semiconductor 
device correctly controllable to the value with an eye on the high impurity concentration of a gate electrode, in 
order to control the out-diffusion of the impurity in a gate electrode. 
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MEANS 

[Means for Solving the Problem] the semiconductor device concerning this invention was formed on the gate 
electrode which was formed through gate dielectric film on the semi-conductor substrate and which introduced 
the high-concentration impurity , the insulator layer or the electric conduction film containing the nitrogen 
formed in the upper part and the side attachment wall section of this gate electrode , and this insulator layer or 
the electric conduction film in order to solve the above-mentioned technical problem — at least — SiO 2 it is 
characterize by to provide the include interlayer insulation film . 

[0020] Moreover, the manufacture approach of the semiconductor device concerning this invention The process 
which forms gate dielectric film on a semi-conductor substrate, and the process which deposits the electric 
conduction film on this gate dielectric film, The process which introduces an impurity into this electric conduction 
film, the process which deposits the insulator layer containing nitrogen on this electric conduction film, and by 
processing this insulator layer and the electric conduction film the process which leaves an insulator layer on the 
gate electrode which consists of this electric conduction film, the process which forms the insulator layer which 
contains nitrogen in the side attachment wail of this insulator layer and this gate electrode, and this insulator 
layer top — Si02 from — it is characterized by providing the process which deposits the becoming interlayer 
insulation film. 

[0021] By the above-mentioned semiconductor device and its manufacture approach, the insulator layer 
containing nitrogen is formed on the gate electrode which introduced the high-concentration impurity, and the 
insulator layer which contains nitrogen in the side attachment wall of a gate electrode is formed. For this reason, 
even if a thermal process is in the production process after forming a gate electrode, the impurity in a gate 
electrode is Si02 in that case. It can control being spread in the direction of the included interlayer insulation 
film. Therefore, the impurity introduced into the gate electrode can be activated effectively, fluctuation by the 
thermal process of the work function of the gate electrode of completion is suppressed, and variation in a 
threshold electrical potential difference can be made small. 

[0022] Moreover, the manufacture approach of the semiconductor device concerning this invention is 
characterized by providing the process which forms gate dielectric film on a semi-conductor substrate, the 
process which deposits the refractory metal silicide film on this gate dielectric film, the process which forms the 
thin film for out-diffusion prevention of an impurity on this refractory metal silicide film, and the process which 
introduces an impurity into this refractory metal silicide film through this thin flim. 

[0023] By the manufacture approach of the above-mentioned semiconductor device, after forming the thin film 
for out-diffusion prevention of an impurity on the refractory metal silicide film, the impurity is introduced into the 
refractory metal silicide film through this thin film. The problem produced when an impurity is introduced into the 
refractory metal silicide film (gate electrode) by this before forming the thin film for out-diffusion prevention as a 
diffusion barrier layer of an impurity is lost. That is, it is because the spatial redistribution of the out-diffusion of 
the impurity in the refractory metal silicide film by the thermal process at the time of formation of this thin film 
or a longitudinal direction can be controlled. 

[0024] Moreover, the manufacture approach of the semiconductor device concerning this invention The process 
which forms gate dielectric film on a semi-conductor substrate, and the process which deposits the refractory 
metal silicide film on this gate dielectric film. It is characterized by providing the process which carries out 
pattern NINGU of this refractory metal silicide film, and forms a gate electrode, the process which forms the thin 
film for out-diffusion prevention of an impurity in all or some of these gate electrode surfaces, and the process 
which introduces an impurity into this gate electrode through this thin film. 

[0025] By the manufacture approach of the above-mentioned semiconductor device, after carrying out pattern 
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NINGU of the refractory metal silicide film, the thin film for out-diffusion prevention of an impurity is formed in all 
or some of gate electrode surfaces, and an impurity is introduced into this gate electrode through this thin film 
after that. Thereby, the work function of a gate electrode is decided according to high impurity concentration 
with one simple substance Tr, and fluctuation of the work function by the counter diffusion of the longitudinal 
direction of the impurity in a gate electrode is not produced. 
[0026] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of this invention is explained with 
reference to a drawing. Drawing 1 (a) is the sectional view showing the semiconductor device by the gestalt of 
implementation of the 1st of this invention. p+Poly Si by which B (boron) for which this semiconductor device is 
used with a semiconductor integrated circuit was doped from — it has the becoming gate electrode. 
[0027] It is Bulk as shown in drawing 1 (a). The LOCOS oxide film 2 is formed in the front face of a silicon 
substrate 1. Gate oxide 3 is formed on the front face of the silicon substrate 1 between this LOCOS oxide-film 2. 
and the gate electrode 5 is formed on this gate oxide 3. This gate electrode 5 is Poly Si whose thickness is 
150nm. It is formed with the film and is this Poly Si. It is doped in it in the amount of douse (Dose) whose B is 
about [ 5x101 5cm - ] two, and the film is p+. It is a mold. In addition, this Poly Si B concentration in the film is - 
3.3x1 020cm-3. 

[0028] Si3 N4 whose thickness is about -150nm on the gate electrode 5 The film 7 is formed and it is Spacer in 
the side attachment wall of the gate electrode 5. Si3 N4 whose width efface is about -150nm Side Wall Spacer 9 
which consists of film is formed, in addition, Si3 N4 the film 7 and Side Wall Spacer 9 — LPCVD (Low Pressure 
Chemical Vapor Deposition) — it is formed of law. 

[0029] Si3 N4 the film 7, Side Wall Spacer 9, and LOCOS oxide-film 2 top — Si02 from — the becoming 
interlayer insulation film 1 1 is formed. 

[0030] According to the gestalt of implementation of the above 1st. it is Si3 N4 on the gate electrode 5. The film 
7 is formed and it is Si3 N4 to the side attachment wall of the gate electrode 5. Side Wall Spacer 9 which 
consists of film is formed. For this reason, even if a thermal process is in the production process after forming 
the gate electrode 5, it can control that B in the gate electrode 5 is spread in the direction of an interlayer 
insulation film (Si02) 1 1 in that case (out-diffusion). Therefore, B doped to the gate electrode 5 can be activated 
effectively, the fluctuation (heterogeneity of a work function) by the thermal process of the work function of the 
gate electrode 5 of completion is suppressed, and variation in a threshold electrical potential difference can be 
made small. 

[0031] Moreover. p+Poly Si of the work function stabilized since it was hard to be influenced of the thermal 
process after gate electrode 5 formation It becomes possible to form a gate electrode. Therefore, although the 
thermal processes given to it will also differ if the classes of semiconductor device to manufacture differ, the 
thermal process is embraced even in such a case, and it is p+Poly Si of completion. It can lose changing the work 
function of a gate electrode. Furthermore, even when the effectual temperature distribution within a Wafer side 
increase by large adoption of temperature distribution of RTA, diameter-ization of macrostomia of Wafer, etc., it 
is p+Poly Si of completion. The component of the property which lessened the field internal division cloth of the 
work function of a gate electrode, and was stabilized can be formed. 

[0032] In addition, Poly Si by which B was doped with the gestalt of implementation of the above 1st WSix by 
which B was doped although the gate electrode 5 of a monolayer was used Poly Si WSix which is possible also for 
using the gate electrode of Polycide of two-layer structure and by which B was doped It is also possible to use 
the gate electrode of a silicide monolayer [ like ]. 

[0033] Moreover, although B concentration in the gate electrode 5 is set to -3.3x1 020cm-3, it is also possible for 
it not to be limited to this but to choose B concentration according to each device. 

[0034] Moreover, Si3 N4 formed of LP-CVD as film which controls diffusion of B from the gate electrode 5 It is 
also possible to use an insulator layer like [ although film 7 and 9 is used ] the SiON film formed of Plasma CVD 
as film which controls diffusion of B from the gate electrode 5, and it is also possible to use conductive film like 
TiN formed by CVD or the Sputter method. 

[0035] Moreover, although B within a solid-solution limit is doped to the gate electrode 5, it is also possible to 
dope sufficient B which exceeds a solid-solution limit to the gate electrode 5. Thus, when doping B exceeding a 
solid-solution limit and heat-treating to a silicon substrate (Wafer) for activating B in a gate electrode, even if 
there are temperature distribution of extent which is in a Wafer side, it is absorbed, and properties, such as a 
work function of each gate electrode of completion, are not changed, namely, the property of each gate electrode 
can be stabilized. 
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[0036] Moreover, it is Si3 N4 to the upper part and the side-attachment-wall section of the gate electrode 5. 
Although film 7 and 9 is formed, it is also possible to form the electric conduction film which contains nitrogen in 
the upper part and the side-attachment-wall section of the gate electrode 5. 

[0037] Drayying 1 (b) is the sectional view of the semiconductor device in which the modification of the 
semiconductor device by the gestalt of the 1 st operation shown in dra wing 1 (a) is shown, gives the same sign to 
the same part as drawing 1 (a), and explains only a different part. 

[0038] Si3 N4 whose thickness is about -10nm on the gate electrode 5 Si3 N4 whose thickness the film 7 is 
formed and is about -lOnm at the side attachment wall of the gate electrode 5 The film 9 is formed. Si3 N4 On 
the film 7, it is Si02. The film 13 is formed and it is Si3 N4. In the side face of the film 9, it is Si02. The film 15 is 
formed, moreover, Si3 N4 SiH2 CI2 usual in film 7 and 9 NHS LPCVD by the thermal reaction of mixed gas — it is 
formed of law. In addition, it is the insulator layer and Spacer of OffSet of the upper part of the gate electrode 5, 
and the side-attachment-wall section in this way. They are Si02 / Si3 N4 as an insulator layer. It is the insulator 
layer and Spacer of OffSet to use the two-layer film. It is for considering as the value of a request of width of 
face. 

[0039] Also in the above-mentioned modification, the same effectiveness as the gestalt of the 1st operation can 
be acquired. 

[0040] moreover — above — Si3 N4 of the upper part of the gate electrode 5, and the side-attachment-wall 
section although thickness of film 7 and 9 is thin-film-ized to about -lOnm — usual SiH2 012 NH3 LPOVD by the 
thermal reaction of mixed gas — Si3 N4 formed by law the film - even if it is several nm thickness, it fully has 
the barrier property to diffusion of impurities, such as B. 

[0041] Moreover, Si3 N4 The increment in the dielectric constant of an interlayer film can be suppressed by 
forming the thickness of film 7 and 9 thinly with about -lOnm. For this reason, while being able to operate a 
semiconductor device more at high speed, it is high LP-Si3 N4 of stress. The fall of the dependability of the 
device by the film can be suppressed to the minimum. However, when using film like SiON by which stress and a 
presentation were controlled using Plasma CVD etc., even if it forms the SiON film comparatively thickly, the 
increment in stress or a dielectric constant can be disregarded. 

[0042] Dravym^^^^^^ - drayy:in&^^^^^^^^^^^ are the sectional views showing the manufacture approach of the semiconductor 
device by the gestalt of implementation of the 2nd of this invention, and also show the production process for 
producing the structure of the gate electrode shown in draw ing 1 (a). 

[0043] First, as shown in drawing 2 , the LOCOS oxide film 2 and Well which is not illustrated are prepared in a 
silicon substrate 1, and isolation is performed using this LOCOS oxide film 2, Well, etc. Next, on the front face of 
the silicon substrate 1 of a component field, gate oxide 3 is formed by the oxidizing [ thermally ] method (growth). 

[0044] Then, Poly Si whose thickness it is thin to a gate electrode on gate oxide 3 and the LOCOS oxide film 2 is 
about -150nm as shown in drayying 3 The film 5 accumulates. 

[0045] Next, it is Poly Si as shown in 4raMQg .4 ■ The photoresist film 21 is formed on the film 5. The pattern 
configuration of this photoresist film 21 carries out opening of the P-MOS section. Then, it is Poly Si. using this 
photoresist film 21 as a mask. B is doped by the film 5 by the ion implantation 23 of BF2+. 
[0046] In addition, in order to consider as the device of the surface channel mold with which the fall of the 
threshold electrical potential difference Vth by the short channel effect cannot produce both N-MOSTr and P- 
MOSTr easily, it is n+ to N-MOS. It is p+ to the gate and P-MOS. It is necessary to adopt the gate, respectively. 
Therefore, the ion implantation to the gate is had good control of striking in any direction with a resist mask. 
[0047] Then, as shown in dravying^^^^5 , the above-mentioned photoresist film 21 is removed, and it is p+PolySi, On 
the film 5, Si3 N4 film 7 whose thickness is about -150nm accumulates by the LPCVD method. Si3 N4 at this 
time For example, using a vertical mold CVD system, temperature is set into 760 degrees C, they set a pressure 
to 53Pa, and the deposition conditions of the film 7 are SiH2 012 / NH3 / N2. It considers as the flow rate of 
90/600/500sccm using reactant gas. respectively. 

[0048] Next, as shown in drayyin . it is Si3 N4. The photoresist film 25 is formed on the film 7, and this 
photoresist film 25 has the pattern of a gate electrode. 

[0049] Then, it is Si3N4. using this photoresist film 25 as a mask, as shown in drayyLn^^^ . Etching processing of 
the film 7 is carried out. Si3 N4 at this time The processing conditions of the film 7 are for example, the 
magnetron mold Etcher. It uses, and temperature is set into 20 degrees 0, a pressure is set to 2.7Pa, and they 
are 1000W and CHF3 about RFPower. A flow rate is set to 45sccm(s). Next, the photoresist film 25 is removed. 
[0050] Next as shown in drayyin , it is Si3 N4. It is p+Poly Si, using the film 7 as a mask. Etching processing of 
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the film 5 is carried out. Thereby, gate oxide 3 is minded on a silicon substrate 1 , and it is p+Poly Si. The gate 
electrode 5 which consists of film is formed. Then, the LDD layer which is not illustrated is formed in a silicon 
substrate 1 by introducing an impurity into the LDD field in a silicon substrate 1 which is not illustrated (ion 
implantation). In addition, an ion implantation is with the case of N-MOSTr, and the case of P-MOSTr. that is, the 
case of an N channel, and in the case of a P channel, it is necessary to have good control of striking it in any 
direction suitably using a resist mask. 

[0051] Then, as shown in drayyin^^^^^ , in the whole surface, it is Si3 N4. The film accumulates. Next, this Si3 N4 
Etch Back [ film ] using anisotropy processing By carrying out, it is Si3 N4 in the side attachment wall of the gate 
electrode 5. LDD which consists of film Spacer 9 is formed. Si3 N4 at this time Both membranous deposition 
conditions and processing conditions use the above-mentioned thing. 

[0052] Next, after depositing the thin oxide film for channeling prevention which is not illustrated, as shown in 
drawin g 10 , the photoresist film 27 is formed on a silicon substrate 1 . The pattern configuration of this 
photoresist film 27 carries out opening of the source drain field formation section. Then, the diffusion layer of the 
source drain field which is not illustrated is formed by carrying out the installation 29 of an impurity, for example, 
the ion implantation of BF2+. to a silicon substrate 1 by using this photoresist film 27 as a mask. In addition, this 
ion implantation is with the case of N-MOSTr, and the case of P-MOSTr. that is, the case of an N channel, and 
in the case of a P channel, it is necessary to have good control of striking it in any direction suitably using a 
resist mask. 

[0053] Next, after removing the photoresist film 27. heat treatment (annealing) for activating the gate electrode 5. 
a LDD layer, the diffusion layer of a source drain field, and other impurity installation layers is performed. For 
example, in Ar ambient atmosphere, temperature is made into 1000 degrees C, they make the processing time 10 
seconds, and RTA processing is used for the heat treatment conditions at this time. 
[0054] Then, as shown in dramnKAl * it is Si3 N4 in the usual process. The film 7. SideWall An interlayer 
insulation film 11 accumulates on Spacer 9 and a silicon substrate 1. Next, contact hole 11a is prepared in this 
interlayer insulation film 11. a gap is filled by metal 31. wiring 33 is formed on this metal 31. and the inside of this 
contact hole 11a completes a component. 

[0055] According to the gestalt of implementation of the above 2nd. it is Si3 N4 on the gate electrode 5. The film 
7 is formed and it is Si3 N4 to the side attachment wall of the gate electrode 5. Side Wall Spacer 9 which 
consists of film is formed. For this reason, it can control that B in the gate electrode 5 is spread in the direction 
of an interlayer insulation film (Si02) 11 in the case of the thermal process after forming the gate electrode 5 
(out-diffusion). Therefore, B doped to the gate electrode 5 can be activated effectively, fluctuation by the 
thermal process of the work function of the gate electrode 5 of completion is suppressed, and variation in a 
threshold electrical potential difference can be made small. 

[0056] moreover, p+Poly Si of the work function stabilized since it was hard to be influenced of the thermal 
process after gate electrode 5 formation from — it becomes possible to form the becoming gate electrode 5. 
Therefore, although the thermal processes given to it will also differ if the classes of semiconductor device to 
manufacture differ, the thermal process is embraced even in such a case, and it is p+PolySi of completion. It can 
lose changing the work function of a gate electrode. Furthermore, even when the effectual temperature 
distribution within a Wafer side increase by large adoption of temperature distribution of RTA. diameter-ization of 
macrostomia of Wafer, etc.. it is p+Poly Si of completion. The component of the property which lessened the field 
internal division cloth of the work function of a gate electrode, and was stabilized can be formed. 
[0057] That is. it is Si3 N4 about a gate electrode. By surrounding by the insulator layer which controls diffusion 
of an impurity [ like ], it can prevent B in the gate electrode 5 after heat treatment decreasing by out-diffusion. 
That is, it is not concerned with the existence of heat treatment after gate electrode 5 formation, the height of 
heat treatment temperature, and the merits and demerits of heat treatment time amount, but B concentration in 
the gate electrode 5 can be maintained while it has been [ at the time of B dope ] high. For this reason, even if 
this thermal process changes or the effectual temperature distribution within the Wafer side in a thermal process 
get worse, fluctuation of B concentration in the gate electrode of completion can be made small. 
[0058] In addition. Poly Si by which B was doped with the gestalt of implementation of the above 2nd It is WSix 
although the manufacture approach of the semiconductor device using the gate electrode 5 of a monolayer is 
explained. The thing using the gate electrode of Polycide of two-layer structure with Poly Si may be used, and it 
is WSix. The thing using the gate electrode of a silicide monolayer [ like ] may be used. 

[0059] Moreover, although the device about Tr formed on the Bulk Si substrate 1 is used, it is also possible to 
use the device of SOI structure. 
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[0060] Moreover, it is Si3 N4 as an insulator layer for diffusion prevention. The film 7 and LDD Although the 
manufacture approach of the semiconductor device using Spacer 9 is explained For example, thin LP~Si3 N4 The 
film and Si02 If it combines and deposits with Si02 / SIS N 4 = 140 / lOnm The rest is the OffSet insulator layer 
and Side Wall Spacer of the gate. It is also possible to produce the semiconductor device shown in dra wing 1 (b) 
only by changing some membranous processing conditions. 

[0061] namely, Poly Si shown in dravymg^^^^ a film 5 top — LPCVD — Si3 N4 whose thickness is about -150nm by 
law After depositing the film 7 As shown in drawing^^9 , It is SiS N4 to the whole surface. The film is deposited and 
it is this SiS N4. Etch Back [ film ] using anisotropy processing By carrying out, it is Si3 N4 to the side 
attachment wall of the gate electrode 5. LDD which consists of film Although Spacer 9 is formed Poly Si a film 5 
top — LPCVD — thin SiS N4 whose thickness is about -lOnm by law The film is deposited. This SiS N4 Si02 
whose thickness is about -140nm on the film After depositing the film, the side attachment wall of the gate 
electrode 5 — LPCVD — thin SiS N4 whose thickness is about -lOnm by law the film — forming — further — 
this Si3 N4 Si02 whose thickness is about -140nm at a membranous side attachment wall By forming the film It 
is SiS N4 to the side attachment wall of the gate electrode 5. The film and Si02 LDD which consists of film 
Spacer Forming is also possible, moreover. LPCVD usual as mentioned above — SiS N4 formed by law if it is the 
film - the out-diffusion of impurities, such as B from a gate electrode, can fully be controlled by thickness 
(several nm or -lOnm). 

[0062] Moreover, although gate oxide 3 is formed by the oxidizing [ thermally ] method on the front face of a 
silicon substrate 1, it is also possible to form the gate dielectric film which consists of a nitriding oxide film which 
comes to nitride an oxide film on the fi^ont face of a silicon substrate 1. That is, although what is necessary is 
iust to control the out-diffusion in the upper part and the side-attachment-wall section of the gate electrode 5 
since B concentration in the gate electrode 5 falls by carrying out out-diffusion of the B doped by the gate 
electrode 5 through the interlayer insulation film 1 1 with a mainly large diffusion coefficient Preferably, in order to 
control the diffusion rate of B also about gate oxide 3, it is good to adopt the nitriding oxide film which comes to 
nitride an oxide film 3, to control further the fall of B concentration in the gate electrode 5, and to fully control 
fluctuation of the work function of the gate electrode 5 of completion etc. 

[0063] It is WSix by which drajwi^^^ - draMng 2^^ are the sectional views showing the manufacture approach of 
the semiconductor device by the gestalt of operation of the 3rd of this invention, and the work function with 
which the gestalt of this operation was formed on the Bulk Si substrate in this invention was controlled. It applies 
to manufacture of the MOS mold semiconductor device which has a gate electrode. 

[0064] First, as shown in drawin&^^^ the LOCOS oxide film 2 and Well which is not illustrated are prepared in a 
silicon substrate 1. and isolation is performed using this LOCOS oxide film 2, Well. etc. Next, on the front face of 
the silicon substrate 1 of a component field, gate oxide 3 is formed by the oxidizing [ thermally ] method (growth). 

[0065] Then, WSix whose thickness it is thin to a gate electrode on gate oxide 3 and the LOCOS oxide film 2 is 
about -lOOnm as shown in drawngA^^ The film 41 accumulates. WSix at this time The deposition conditions of 
the film 41 are Cold Wall. Using a mold CVD system, temperature is set into 680 degrees C, a pressure is set to 
40Pa, and it considers as the flow rate of 100/1 .6/1 OOsccm using the reactant gas of SiH2 CI2 / WF6 / Ar, 
respectively. WSix The presentation ratio of the film 41 is W:Si=l:3.0. 

[0066] It is WSix here. The film 41 is Si Rich from a stoichiometric composition ratio. It has become. This is WSix 

at a next process. As. and 8 or Phos introduced into the film 41 The class and its Dose of an impurity [ like ] It is 

because the work function of the gate electrode of completion is controlled according to an amount. 

[0067] Next, it is WSix as shown in drawing 14 . On the film 41. it is LP. - SiS N4 whose thickness is about -lOnm 

by the CVD method The film 43 accumulates. For example, using a vertical mold CVD system, temperature is set 

into 760 degrees C, they set a pressure to 53Pa, and the deposition conditions of SiS N4 film 43 at this time are 

SiH2 CI2 / NHS / N2. It considers as the flow rate of 90/600/500sccm using reactant gas. respectively. This SiS 

N4 The film 43 is film for controlling the out-diffusion of B from the gate electrode upper part. 

[0068] Next, as shown in drawing^ 1^ , it is SiS N4. WSix which the photoresist film 45 is formed on the film 43, 

and serves as a gate electrode by using this photoresist film 45 as a mask The impurity of B+Ion47 grade is 

doped by the film 41 by the ion implantation. Under the present circumstances, in order to produce to 

coincidence the gate electrode (that is, transistor from which a threshold Vth differs) with which work functions 

differ in the same Wafer, the ion implantation to the gate is ion kinds and those Dose(s) by the resist mask. An 

amount has good control of striking a ball in any direction with each transistor from which Vth differs. 

[0069] Then, as shown in dxaw[ngj 6 . the photoresist film 45 is removed, and on SiS N4 film 43. thickness is Si02 
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which is about -150nm. The film 49 accumulates. This Si02 The film 49 is film for making it the ion implantation 
when forming a high-concentration diffusion layer not go into a gate electrode. 

[0070] Here, it is this Si02. Depositing at low temperature is desirable, for example, the film 49 is SiH4+02. At 
350-450 degrees C, deposition temperature deposits by the system of reaction with ordinary pressure CVD etc. 
It has good control of striking a ball in any direction with a resist mask at the process shown in drawing 15 , and 
this is WSix. It is for making it the impurity by which the ion implantation was carried out into the film 41 not 
mutually spread in a longitudinal direction. 

[0071] Next, it is Si02 as shown in draMoK O . The photoresist film 51 is formed on the film 49, and this 
photoresist film 51 has the pattern of a gate electrode. 

[0072] Then, it is Si02, using this photoresist film 51 as a mask, as shown in draMOg J^^^^ . The film 49 and Si3 N4 
Etching processing of the film 43 is carried out. Si02 at this time The film 49 and Si3 N4 The processing 
conditions of the film 43 are for example, the magnetron mold Etcher. It uses, and temperature is set into 20 
degrees C, a pressure is set to 2.7Pa, and they are 1 0OOW and CHF3 about RFPower. A flow rate is set to 
45sccm(s). Next, the photoresist film 51 is removed. 

[0073] Next, it is Si02 as shown in dra\Aij^^^ . It is WSix, using the film 49 as a mask. Etching processing of the 
film 41 is carried out. Thereby, gate oxide 3 is minded on a silicon substrate 1, and it is WSix. The gate electrode 
41 which consists of film is formed. Then, the LDD layer which is not illustrated is formed in a silicon substrate 1 
by introducing an impurity into the LDD field in a silicon substrate 1 which is not illustrated. In addition, 
installation of this impurity is with the case of N-MOSTr, and the case of P-MOSTr, and has good control of 
striking ion in any direction suitably using a resist mask. 

[0074] Then, Si02 whose thickness Si3 N4 film 53a whose thickness is about 10nm accumulates on the whole 
surface (WSix it deposits in contact with the side attachment wall of the film 41), it continues, and is about 
150nm on Si3 N4 film 53a as shown in drawing 20 Film 53b accumulates, next, this Si3 N4 Film 53a and Si02 Etch 
Back [ b / film 53] using anisotropy processing carrying out — the gate electrode 41 and Si02 the side 
attachment wall of the film 49 — Si02 / Si3 N4 from — becoming LDD Spacer 53 is formed. Si3 N4 at this time 
The film and Si02 Both the deposition conditions and processing conditions of film 53b use what was described 
above. Here, it is LDD. They are Si02 / Si3 N4 about Spacer 53. The reason made into two-layer membrane 
structure is WSix in a next heat treatment process. It is for controlling the out-diffusion of the impurity from the 
side-attachment-wall part of the gate electrode 41. 

[0075] Next, as shown in drawi^^^^^^ , after depositing the thin oxide film 55 for channeling prevention on a silicon 
substrate 1, the photoresist film 57 is formed on a silicon substrate 1. The pattern configuration of this 
photoresist film 57 carries out opening of the source drain field formation section. Then, the diffusion layer of the 
source drain field which is not illustrated is formed by carrying out the installation 25 of an impurity, for example, 
the ion implantation of BF2+, to a silicon substrate 1 by using this photoresist film 57 as a mask. In addition, the 
case of N-MOSTr, and in the case of P-MOSTr, this ion implantation is suitably had good control of striking in 
any direction using a resist mask. 

[0076] Next, after removing the photoresist film 57, heat treatment for activating the gate electrode 41, a LDD 
layer, the diffusion layer of a source drain field, and other impurity installation layers is performed. For example, in 
Ar ambient atmosphere, temperature is made into 1000 degrees C, they make the processing time 10 seconds, 
and RTA processing is used for the heat treatment conditions at this time. 

[0077] Then, as shown in drayying 2^^ , it is Si02 in the usual process. An interlayer insulation film 61 accumulates 
on the film 49, Sideall Spacer 53, and a silicon substrate 1. Next, contact hole 61a is prepared in this interlayer 
insulation film 61, a gap is filled by metal 63, wiring 65 is formed on this metal 63, and the inside of this contact 
hole 61a completes a component. 

[0078] WSix which serves as a gate electrode at the process shown in d£amn^g JA according to the gestalt of 
implementation of the above 3rd It is Si3 N4 as a diffusion barrier layer on the film 41. When an ion implantation 
etc. makes an impurity the gate electrode (WSix film) 41 at the process which forms the film 43 and is shown in 
next drawing 15 , it is Si3 N4. It has introduced through the film (diffusion barrier layer) 43. As shown in drayying 
31 (a), before forming the diffusion barrier layer of an impurity, in a field with a resist mask in a gate electrode 
(silicide) For this reason, an ion kind. Dose It stops producing a problem as shown in drayym^ (b) called the 
spatial redistribution of the out-diffusion of the impurity in the gate electrode in the thermal process at the time 
of formation of the problem produced when an impurity is had good control of striking in any direction by Vth 
which makes an amount the aim of Tr and it introduces, i.e., this diffusion barrier layer, or a longitudinal direction. 
[0079] That is, after introducing an impurity into a gate electrode like the gestalt of the 2nd operation When 
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depositing using the Si3 N4 CVD method which is the thin film which has the barrier nature to diffusion of an 
impurity It is LP on a gate electrode about the film. - (Si3 N4 by LP-CVD method the film is most excellent in 
respect of the diffusion barrier nature of an impurity, or the controllability of thickness.) Or WSix By nitriding a 
gate electrode directly. WN on the front face of a gate electrode in forming the becoming film Since all need an 
about 800-degree C elevated temperature for formation of a diffusion barrier layer (Si3 N4 the film and WN film), 
the spatial redistribution of the out-diffusion of the impurity in a gate electrode or a longitudinal direction poses a 
problem. That is, it is the case of a process as shown in drawm^^^^^ (a). However, with the gestalt of the 3rd 
operation, since the impurity is introduced into the gate electrode 41 after forming the diffusion barrier layer (Si3 
N4 film) 43 of the impurity in a gate electrode, neither the out-diffusion of the impurity in a gate electrode nor 
the problem of lateral spatial redistribution is produced. That is. it is the case of a process as shown in drawing 
32 (b). 

[0080] Therefore, the ion kind which carries out an ion implantation to the gate electrode 41 and its Dose It 
becomes possible to obtain the refractory metal silicide gate electrode which has with an amount the work 
function correctly made into an aim. Especially, it is WSix. The ion kind and Dose which are different in a Wafer 
side since the effect of the counter diffusion of the longitudinal direction of the impurity in a gate electrode can 
be lost When producing the gate electrode which introduces an amount and has a different work function, it 
becomes possible to control a work function correctly, without being influenced of mutual. 
[0081] Moreover, it is not based on the formation approach of a thin film (diffusion barrier layer) or formation 
conditions (especially heat treatment process) which control the out-diffusion of the impurity of a gate electrode, 
but it becomes possible to obtain the refractory metal silicide gate electrode which has the high impurity 
concentration made into the purpose controlled correctly. 

[0082] In addition, WSix by which it was formed on the Bulk Si substrate and the work function was controlled by 
the gestalt of implementation of the above 3rd It is also possible to apply this invention to manufacture of the 
semiconductor device which has other gate electrodes, although this invention is applied to manufacture of the 
MOS mold semiconductor device which has the gate electrode 41 , for example, it is MoSix. It is also possible to 
apply this invention to manufacture of the semiconductor device which has the gate electrode which consists of 
refractory metal silicide [ like ]. This MoSix It is low Dose of -1x1013cm-2 like. When forming a gate electrode 
using silicide to which that work function changes from an amount a lot. especially this invention is effective. 
That is, when ion. such as a class of impurity which changes with locations, and different high impurity 
concentration, is had good control of striking in any direction to the gate electrode in order to produce Tr from 
which Vth differs before forming a diffusion prevention layer (Si3 N4 film), the spatial redistribution of the out- 
diffusion of the impurity in a gate electrode or a longitudinal direction poses a big problem. It is Si3 N4 by LP- 
CVD. Auto-Doping when forming the film It is because it shifts from what also makes Vth of Tr of completion an 
aim as a result of changing from the value which the spatial redistribution of high impurity concentration etc. 
produces through a gaseous phase, and the work function of a gate electrode makes an aim by this. However, if 
an impurity is introduced into the gate electrode 41 after forming a diffusion prevention layer (Si3 N4 film 43) like 
the gestalt of the 3rd operation, it will not be influenced of the thermal process at the time of formation of a 
diffusion prevention layer. 

[0083] Moreover, although this invention is applied to the semiconductor device formed on the Bulk Si substrate 
1, it is also possible to apply this invention to the semiconductor device formed in a SOI substrate. 
[0084] Moreover, Si3 N4 which is the film which touches the gate electrode 41 and controls the out-diffusion of 
the impurity in the gate electrode 41 It is LP about film 53a. - Although it is made to deposit with a CVD method, 
it is also possible to nitride gate electrode 41 self directly and to grow up a refractory metal nitride (WNx film). 
[0085] Moreover, all parameters, such as thickness of each thin film used in the gestalt of implementation of the 
above 3rd, are the example, and its design change is possible for any parameter suitably by the semiconductor 
device made into the purpose. 

[0086] D^rawin - dr aw ing 3Q are the sectional views showing the manufacture approach of the semiconductor 
device by the gestalt of operation of the 4th of this invention, and the gestalt of this operation deposits the thin 
film for out-diffusion prevention of an impurity, after processing the refractory metal silicide of a gate electrode, 
and it explains the case where an ion implantation is performed to a gate electrode through this thin film. 
[0087] First, as shown in draMO^^^^ , the LOCOS oxide film 2 and Well which is not illustrated are prepared in a 
silicon substrate 1 , and isolation is performed using this LOCOS oxide film 2. Well, etc. Next, on the front face of 
the silicon substrate 1 of a component field, gate oxide 3 is formed by the oxidizing [ thermally ] method (growth' 
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[0088] Then, WSix whose thickness it is thin to a gate electrode on gate oxide 3 and the LOCOS oxide film 2 is 
about -lOOnm as shown in drawing 24 The film 41 accumulates. WSix at this time The deposition conditions of 
the film 41 are the same as that of what was shown with the gestalt of the 3rd operation. WSix The presentation 
ratio of the film 41 is W:Si=1:3.0. 

[0089] It is WSix here. The film 41 is Si Rich from a stoichiometric composition ratio. It has become. This is WSix 
at a next process. As. and B or Phos introduced into the film 41 The class and its Dose of an impurity [ like ] It is 
because the work function of the gate electrode of completion is controlled according to an amount. 
[0090] Next, it is WSix as shown in dramn&^Z^^^ - The photoresist film 67 is formed on the film 41, and this 
photoresist film 67 has the pattern of a gate electrode. 

[0091] Then, it is WSix, using this photoresist film 67 as a mask, as shown in drayyLn^^ . Etching processing of 
the film 41 is carried out. Next, the photoresist film 67 is removed. 

[0092] Next, it is WSix as shown in drawing_27 . On the gate electrode 41 and a silicon substrate 1, it is LP. - Si3 
N4 whose thickness is about -lOnm by the CVD method The film 43 accumulates. Si3 N4 at this time The 
deposition conditions of the film 43 are the same as that of what was shown with the gestalt of the 3rd operation. 
This Si3 N4 The film 43 is film for controlling the out-diffusion of the impurity from the gate electrode 41. 
[0093] Next, the LDD layer which is not illustrated is formed in a silicon substrate 1 by introducing an impurity 
into the LDD field in a silicon substrate 1 which is not illustrated. In addition, installation of this impurity is with 
the case of N-MOSTr, and the case of P-MOSTr, and has good control of striking ion in any direction suitably 
using a resist mask 

[0094] Then, as shown in drawing 28 , in the whole surface, it is Si02. The film 69 accumulates, next, this Si02 
Etch Back [ film / 69 ] using anisotropy processing carrying out — the side attachment wall of the gate electrode 
41 — Si3 N4 43 — minding — Si02 from — becoming LDD Spacer69 is formed. Si02 at this time Both the 
deposition conditions and processing conditions of the film 69 are the same as that of what was shown with the 
gestalt of the 3rd operation. 

[0095] Next, as shown in dra vying 29 , after depositing the thin oxide film 55 for channeling prevention on a silicon 
substrate 1, the photoresist film 57 is formed on a silicon substrate 1. The pattern configuration of this 
photoresist film 57 carries out opening of the source drain field formation section. Then, the impurity to the 
diffusion layer of the gate electrode 41 and the source drain field of a silicon substrate 1 is introduced by using 
this photoresist film 57 as a mask (ion implantation). In addition, the case of N~MOSTr. and in the case of P- 
MOSTr, this ion implantation is suitably had good control of striking in any direction using a resist mask. 
[0096] Next, after removing the photoresist film 57, heat treatment for activating the gate electrode 41, a LDD 
layer, the diffusion layer of a source drain field, and other impurity installation layers is performed. For example, in 
Ar ambient atmosphere, temperature is made into 1000 degrees C. they make the processing time 10 seconds, 
and RTA processing is used for the heat treatment conditions at this time. 

[0097] Then, as shown in drawmg 3^^ . it is Si3 N4 in the usual process. An interlayer insulation film 61 
accumulates on the film 43, Side all Spacer 69. and a silicon substrate 1, Next, contact hole 61a is prepared in 
this interlayer insulation film 61. a gap is filled by metal 63, wiring 65 is formed on this metal 63, and the inside of 
this contact hole 61a completes a component. 

[0098] It is WSix at the process which is shown in drawi n g 26 according to the gestalt of implementation of the 
above 4th. It is Si3 N4 as a diffusion barrier layer on the gate electrode 41 at the process shown in dramQg ?! 
after carrying out patterning of the film 41 and forming a gate electrode. The film 43 was formed and the impurity 
is introduced into the gate electrode 41 by the ion implantation etc. at the process of subsequent drawing 29 . 
Thereby, the work function of a gate electrode is decided according to high impurity concentration with one 
simple substance Tr, and fluctuation of the work function by the counter diffusion of the longitudinal direction of 
the impurity in a gate electrode is not produced. 

[0099] That is. in introducing an impurity into this gate electrode by the ion implantation after processing of a 
gate electrode (refractory metal silicide film) and forming the impurity diffusion prevention film in this gate 
electrode after that, problems, such as out-diffusion of the impurity in a gate electrode, arise with the heat at the 
time of formation of this impurity diffusion prevention film. That is. it is the case of a process as shown in drayying 
32 (c). However, with the gestalt of the 4th operation, since the impurity diffusion prevention film is formed 
before performing the ion implantation of an impurity on the refractory metal silicide film, neither the out- 
diffusion of the impurity in a gate electrode nor the problem of lateral spatial redistribution is produced. That is. it 
is the case of a process as shown in drayying 32 (d). Therefore, also in the gestalt of implementation of the above 
4th, the same effectiveness as the gestalt of the 3rd operation can be acquired. 
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[0100] Moreover, in order to introduce the impurity to the diffusion layer of the gate electrode 41 and a source 
drain field at the process shown in drawing 29 , the ion kind introduced into a diffusion layer and the ion kind 
introduced into a gate electrode will become the same. Consequently, although some degrees of freedom on a 
process design will be lost, since a process can be simplified very much compared with the gestalt of the 3rd 
operation, the manufacturing cost of a semiconductor device can be lowered. 

[0101] In addition. WSix by which it was formed on the Bulk Si substrate and the work function was controlled by 
the gestalt of implementation of the above 4th It is also possible to apply this invention to manufacture of the 
semiconductor device which has other gate electrodes, although this invention is applied to manufacture of the 
MOS mold semiconductor device which has the gate electrode 41. for example, it is MoSix. It is also possible to 
apply this invention to manufacture of the semiconductor device which has the gate electrode which consists of 
refractory metal silicide [ like ]. 

[0102] Moreover, although this invention is applied to the semiconductor device formed on the Bulk Si substrate 

1. it is also possible to apply this invention to the semiconductor device formed in a SOI substrate. 

[0103] Moreover, Si3 N4 which is the film which touches the gate electrode 41 and controls the out-diffusion of 

the impurity in the gate electrode 41 It is LP about the film 43. - Although it is made to deposit with a CVD 

method, it is also possible to nitride gate electrode 41 self directly and to grow up a refractory metal nitride (WNx 

film). 

[0104] Moreover, all parameters, such as thickness of each thin film used in the gestalt of implementation of the 
above 3rd. are the example, and its design change is possible for any parameter suitably by the semiconductor 
device made into the purpose. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
S.In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drayying 1 ] Dray^jng J_ (a) is the sectional view showing the semiconductor device by the gestalt of 
implementation of the 1 st of this invention, and d raw ing 1 (b) is the sectional view of the semiconductor device in 
which the modification of the semiconductor device by the gestalt of the 1st operation shown in draw ing 1 R> 1 
(a) is shown. 

[Dra win g 2] It is the sectional view showing the manufacture approach of the semiconductor device by the 
gestalt of implementation of the 2nd of this invention. 

[Drayyintg 3] It is the sectional view in which showing the manufacture approach of the semiconductor device by 
the gestalt of implementation of the 2nd of this invention, and showing the next process of drawin g 2 . 
[Drawing 4] It is the sectional view in which showing the manufacture approach of the semiconductor device by 
the gestalt of implementation of the 2nd of this invention, and showing the next process of drawing 3 . 
[Dr aw ing 5] It is the sectional view in which showing the manufacture approach of the semiconductor device by 
the gestalt of implementation of the 2nd of this invention, and showing the next process of drawin g 4 . 
[Drawing 6 It is the sectional view in which showing the manufacture approach of the semiconductor device by 
the gestalt of implementation of the 2nd of this invention, and showing the next process of dravyin . 
[ Draw ing 7] It is the sectional view in which showing the manufacture approach of the semiconductor device by 
the gestalt of implementation of the 2nd of this invention, and showing the next process of dra win g 6 . 
[Drawing s] It is the sectional view in which showing the manufacture approach of the semiconductor device by 
the gestalt of implementation of the 2nd of this invention, and showing the next process of drawing 7 . 
[ Drawin g 9] It is the sectional view in which showing the manufacture approach of the semiconductor device by 
the gestalt of implementation of the 2nd of this invention, and showing the next process of drawing 8 . 
[Drawing 1 0] It is the sectional view in which showing the manufacture approach of the semiconductor device by 
the gestalt of implementation of the 2nd of this invention, and showing the next process of drawing . 
[Pxayyjng^ It is the sectional view in which showing the manufacture approach of the semiconductor device by 
the gestalt of implementation of the 2nd of this invention, and showing the next process of drawing 10 . 
[DraMng J_2] It is the sectional view showing the manufacture approach of the semiconductor device by the 
gestalt of operation of the 3rd of this invention. 

[Drawing 13] It is the sectional view in which showing the manufacture approach of the semiconductor device by 

the gestalt of operation of the 3rd of this invention, and showing the next process of drawing 1^^^ . 

[Dr awin g 14] It is the sectional view in which showing the manufacture approach of the semiconductor device by 

the gestalt of operation of the 3rd of this invention, and showing the next process of drawing^^^l^^ . 

[Drawing^_^1^^^ It is the sectional view in which showing the manufacture approach of the semiconductor device by 

the gestalt of operation of the 3rd of this invention, and showing the next process of drawingj.4 . 

[Drayying 1^ It is the sectional view In which showing the manufacture approach of the semiconductor device by 

the gestalt of operation of the 3rd of this invention, and showing the next process of drawing 15 . 

[Drayying.1^^^^ It is the sectional view in which showing the manufacture approach of the semiconductor device by 

the gestalt of operation of the 3rd of this invention, and showing the next process of dravying 1^^^ . 

[Drawing 18] It is the sectional view in which showing the manufacture approach of the semiconductor device by 

the gestalt of operation of the 3rd of this invention, and showing the next process of drayying^^l^^ . 

[Drayying J 9] It is the sectional view in which showing the manufacture approach of the semiconductor device by 

the gestalt of operation of the 3rd of this invention, and showing the next process of drayyin^^^^ . 

[Prawi.ng_2p] It is the sectional view in which showing the manufacture approach of the semiconductor device by 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2006/06/0 



JP.1 0-30341 0,A [DESCRIPTION OF DRAWINGS] 



2/2 



the gestalt of operation of the 3rd of this invention, and showing the next process of drayying 19 . 

[Dravying 21] It is the sectional view in which showing the manufacture approach of the semiconductor device by 

the gestalt of operation of the 3rd of this invention, and showing the next process of drayying 2^^^ . 

[Drayying 22] It is the sectional view in which showing the manufacture approach of the semiconductor device by 

the gestalt of operation of the 3rd of this invention, and showing the next process of drawing 21 . 

[Drayying 23] It is the sectional view showing the manufacture approach of the semiconductor device by the 

gestalt of operation of the 4th of this invention. 

[Prayying 24] It is the sectional view in which showing the manufacture approach of the semiconductor device by 

the gestalt of operation of the 4th of this invention, and showing the next process of drayyjn^^^^^ . 

[Pravyjng 25^ It is the sectional view in which showing the manufacture approach of the semiconductor device by 

the gestalt of operation of the 4th of this invention, and showing the next process of drawing 24 . 

[Drayying 2^^^ It is the sectional view in which showing the manufacture approach of the semiconductor device by 

the gestalt of operation of the 4th of this invention, and showing the next process of drayvjng^^^ . 

[Drayying 27] It is the sectional view in which showing the manufacture approach of the semiconductor device by 

the gestalt of operation of the 4th of this invention, and showing the next process of drawing 26 . 

[Qrayying^ 2^^^ It is the sectional view in which showing the manufacture approach of the semiconductor device by 

the gestalt of operation of the 4th of this invention, and showing the next process of drawing 27 . 

[Qiayyiog^^2^^ It is the sectional view in which showing the manufacture approach of the semiconductor device by 

the gestalt of operation of the 4th of this invention, and showing the next process of drawin g 28 . 

[Drayy[ns It is the sectional view in which showing the manufacture approach of the semiconductor device by 

the gestalt of operation of the 4th of this invention, and showing the next process of drayying^^^ . 

[Drawing 31 ] Drawing 31 (a) is an ion kind and Dose in a field. It has good control of striking a ball in any direction 

by Vth which makes an amount the aim of Tr. and is WSix. It is the sectional view showing the condition after 

carrying out an ion implantation to the film. Dra wing 31 (b) WSix shown in drayying^^^S^^^^^ (a) Auto-Doping which is in 

the condition after forming the diffusion prevention layer of an impurity on the film, and let the gaseous phase 

pass WSix It is the sectional view showing the condition that the redistribution of an impurity has arisen, by 

longitudinal direction diffusion. 

[Drayying 32^ Drayying^^^^^^^^^ (a) and (b) are drawings showing the manufacture approach of pouring in an impurity 
before processing of a gate electrode, and drawing 32 (c) and (d) are drawings showing the manufacture approach 
of pouring in an impurity after processing of a gate electrode. 

[Drawing 33] Prayying 33 (a) is the sectional view showing the conventional semiconductor device, and drawing 33 
(b) is the expanded sectional view showing the gate electrode in the semiconductor device shown in d r a w in g 33 
(a), and its near part (field of A). 
[Description of Notations] 

1 — Bulk A silicon substrate (semi-conductor substrate), 2 — LOCOS oxide film, 3 [ The film. 9 — Side Wall 
Spacer (Si3 N4 film), ] — Gate oxide, 5 — A gate electrode, 7 — Si3 N4 11 [ Film, ] — An interlayer insulation 
film. 11a — 13 A contact hole, 15 — Si02 21 — The photoresist film, 23 — 25 The ion implantation of BF2+, 27 
— Photoresist film, 29 [ — WSix / Film, ] — The ion implantation of BF2+, 31 ~ Metal, 33 — Wiring. 41 43 — 
Si3 N4 The film, 45 — The photoresist film. 47 — B+Ion. 49 — Si02 The film. 51 [ Spacer (Si02 / Si3 N4 Side 
Wall Spacer), ] — The photoresist film, 53 — LDD 53 a— Si3 N4 The film and 53 b — Si02 The film, 55 — The 
thin oxide film for channeling prevention, 57 — The photoresist film. 59 — BF2+ ion, 61 — Interlayer insulation 
film, 61a [ — Photoresist film. ] — A contact hole, 63 ~ Metal. 65 ~ Wiring, 67 69 — Si02 The film, 101 [ ~ A 
LOCOS oxide film, 105 / — A gate electrode, 107 / — An interlayer insulation film (Si02) 111 / — The deposit 
of B, 113/ — Diffusion to the interlayer insulation film of B, ] — A silicon substrate, 102 — Gate oxide 1,103 
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mm<r>±.\zs \ ovis^i^fs.^mwim.m^mk-t^i. so 
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•[0 0 2 1 ] ±fB¥^#SMSy^'^coiaig:^?iT«, ii5 
iSiS©^»e'^^«AL/ci^*- h««®±lc^^^^tfJ6 

m.m^wm.\^. f-vmMoimmsz'^n-^^ii^mm^ 

ALfc7pf6!^$^^{C?g14{b^-a-^c:t*iT#. tB5t€± 
•[0 0 2 2] ^fc. ^W^\Z%^^^{!^M(Dm.m-)i^ 

•[0 0 2 3] ±IBi|i«#:^B(Oia3fi7&ftT'«, SiWi^^ 

AUfc«^{c^i;spgi@tt;fe<;5:-s. 0*0, ^iwsfi^ 
•[0 0 2 4] *5^?giC'^^¥#*^gMwKifi::^& 
v-ybry- h^ssrj^iEiE-r^xgi:. :n©y-hm® 

•[0 0 2 5] JifB¥^ft:SmcDS!3i:^ST«, iSSfiS-^^ 
!^S»A-r-5. cntC.*:?), 1':3«^#:T rTy-K« 
•CO 0 2 6] 

• C5SI^®|gl(fiOJ^S8] CAT. 0ffiS:#figbT;i©5!W<D 

mm(Dmm^^m-r^. mi (a) c^«^hj®^i 

2^') AiH-T'Sn^tp+^Poly Si ^^^.^c-sy- h««Sr 



(5) 



^^W- 1 0-3 0 3 4 1 0 



7 

•[0027] Ell (a) \Z7r:^Xo\Z. Bulk ->Un> 
C<DLOCOSmitm2^Km<DzyU:2>mmi(D 

(D^-VnM^\tmWtimX.\t\ SOnmcOPoly Si 
^-:?TJ^fi£^n;^cfecOT^D. iKDPoly Si liit^^cD* 
{CB;^^*5x 1 Oi5cm-2gS(^K-X(Dose)aTH-y$ 
np + -^lC?ti:-:?TV:v^o ^K^PoIy Si M4^(^BiijK lo 
tt'-S, 3 X 1 020cm-3^fe'5o 

•[0 0 2 8] h®S5 0±{CtlJ?$^^*- 1 5 OnmS 
^(DS i3 N4-^7;0^*?^^^nT43O. y-hm®5<7) 
fiijiitcli Spacer 1 5 OnmgigcDS is N 

4-M;0^e>?a:'& Side Wall Spacer QjO^Jg^^nTl^ 
•So (rS, S is N4-l^7:5JLr/S ide Wall Spacer 9H 
LPCVDdow Pressure Chemical Vapor Deposition) 

-[0 0 2 9] S i 3 N4-l^7. S ide Wall Spacer 9 
^J:^LOCOS^>fb^2(0±{CtiS xOvti^^U^m 20 

■[0 0 3 0] ±i2Sl<^^iS<^JI^^tCcfcn«. ^r-h« 
M suites i3 N4-M7 <&J^frgb. ^r— h^^5(7)fl!l 
MtCS 13 N4-l^)?&^e>i^J:'5>Side Wall Spacer 9 

4^(OB?;;^*gPel*g^]^ (s i 02-) 1 i(D:f5\zij:Wi 

•[0 0 3 1] ^fc. hmM5 J^^^<D.^yD-feX(D 

^S^§tt{C< V^CO-^f, ^^bfctt^ll»<^)p+ Poly S 

«Dl^yn-trXtci&L::^Tm3fe±7^^*DcOp+-Poly Si c^-^r- 

^^(c. SS5)'^JC0:^^V^RTA<DS^-^Wafer(7) 40 
^fcPSIb^lCct WaferffiP*^|(Z)||^M?'j:r^S53^^?J?^*ii:'c 
m*±?^>^OOp + -Poly Si coy— hS® 

•[0 0 3 2] ±12^ 1 O^lScOJgtgTJ^. B^^Y^- 
•/^nfcPoly Si ^S<7)^r-Mlffi5S:ffiViTVi^:^^, 
B*^K->^$nfcWS ix tPoly Si t(D2mmy&(D?Q 

lycidet^y- hmM^m^^^^ th-pjmx$>r) . Bf)^\^ 
-y^nfews ix (D^or^zyo-^-i \^mm<Dy'-hm 
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•[0 0 3 3] -5r*-hm«54^0B«JS^-3. 3 

'So 

•[0 0 3 4] Sfe. y-- hm® 5;^^bC^B<;Di£ft!c^liD$!| 
^^^(hbXLP- C VDlCJ:D?gfi£$n^ S i3 N4 
M7. 9^^l'^TVi^*>\ >5r*-h«S5:?&^e>(^)B(Dffim 
^«ia-r^l^a:LXPlasma C VD(C<J: Ofl^fiE^ns S 
•i ONJ^(DJ:'5?'j:^i&M^ffiV^^C<hfcpJHgX'*0. C 

•[0 0 3 5] ^r^. tr-hmm3\zmmm£X[^(DB^\^ 
je;JL^B^K-ybT*5tt«. ^'-hmm^coB^mi^ 

it'^^^TciifCDmm^'^zy'Jzjym^ (wafer) iciSb 
fcf^JC. WaferBrtT*^gmc^iaS»^?&^S>o;t«hb 

• [0 0 3 6] ^tz. y-hmm5<D±^:Bcumm^\zs 

i3 N4'1K7. 9^m^VXl^^f)^. Y—hmms(D± 

miSLZsmmm\z^m^^i^mmm^m0L'r^ w ^ pjfig 

XS)^o 

•[0 0 3 7] 01 (b) 01 (a) jc^-r^i 

»f®0x*o> 0 1 (a) t.m-m^\z\t.m—nn^ti 

•[0 0 3 8] 5 <O±{C«IKJP*«0y;^«— 1 0 

nmiigcos i3 N4-^7^>-?g^$nT:feD. ^*-hmm 

^ <Dmmz\:im^:fymz.\ii^ 1 OnmSSoDS i 3 N4 M 
9 5e»^J^^$tlTV^^o S i3 N4-IS7<D_btCJ^S i O2 
^1 3:^m^^nx^D. S i3 N4-IK9cDffliJ®{::^iS 
i 02^)R1 5 7i?^'?^^£$nTV^^o ^fc. Si3N4l^ 
•7. 9«ilS<DS i H2 C 1 2-«i:NH3-<i:<Dil^:^/;^0D 
S IS ( C ct ^ L P C V D ct 0 ^ $ n ;^ CO X * 

j^. :L(D^3\zy-hmms(D±^Rzsmm^<Do 

ffSet<7)*6iS^^^ Spacer (D*6i^lK<i: bX S i O2 /S 

\z N4'<D2mm^m^^^<D\t. offsetcommm'ps 

pacer i|g^BffM<7)fil^T^:^»?>Xfe^o 

• [0 0 3 9] ±iBiEj&fi?ytc43v^xt)^ 1 <Dmm<Dmm^i 

•[0 0 4 0] ^fc. Jit2c^J:-5tC^*-hm«i5 0D±«BS 
I>^#MgB(DS i 3 N4-^7. 9C7)^jp*'-' 1 OnmgJgiC 
»I^{1:UX(/^^;5j^\ ffi«<DSiH2 Cl2-<iiNH3 iCD 

ig-&;y7.(D||ftJKJ$:(c<i:^ L P C VD^fCct J^^bfc S 
is N4-^tl-'^nm<Z)J^;?Xfe-:>Xt)B«<D^»Ei^(^l£ 

•[0 0 4 1] ^fc. S i 3 N4-^7. 9<Dmm^- 1 0 
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e/hfEfc:WlA'5)^<t?&^*T#'5o {BL. Plasma CVD^ 

• [0 0 4 2] 02 1 1 z,(Dmm<Dm 2 (ommo^ 
m\ (a) \zfr^^^*-hm,m(Dm^it^^m'r^ti}i>(Dm, 

•[0 04 3] 5tr> 1112 {3^t-J:'5Jc. vgr]>««l 

}ctiLocoss^{t:i^2SLKiii^-i^jtiwe 1 xtmnh 

tl. ClCDLOCOSKil::^2J^r;CWe 1 i^^^v^^t* 
^^:»«:d^ff^5n'5)o :^\z. ^^®«<^'>U:3>S«lo 
SS±{-li^i^fkffi{cJ:Dy-hS^{blK3:6tJ^^£ (fiE 

•[0 0 4 4] e:<^^, 0 3(C^'rcJ:'5tC. ^r-hS^>fb]^ 

^tmxM^i 5 onmsa^copoiy Si mbtimm-^n 

•[0 0 4 5] m^\Z^'^^o\Z. Poly Si IK 5 O 

±tcfi:7:^ hi/ixT. hK2 i;!;^*?gfi£$n^o ;ic^:7pi-h 

]yV7.hm2 1 c^)/1^^->Jg«{iP- MOSgB<&BBPb 
fcfeOTS^o ^:<^^> CC07:t hl^ix;^ 1-1^2 1 
i^^i^ihbTPoly Si j|i5tCB7&««?y;l«BF2+iO-f :t>a 
A2 3 K-y^n^o 

•[0046] i^. N- MOST r^^XSP- MOST r 
& ^ (cffi^-v J: ^ U ^ V^ffi^m V th<Di£T 

N- MOStCnf ^-h. P- MOS(c:p+ ^—h 

•[0 0 4 7] C(7)^, Eistc^-Tck^fc. ±.t^y^VV 
xy7.hm2 1iimi^^n. p+-PolySi ^50±fCttL 
PCVDfetC<kOWI;^L«J?$>&^- 1 5 OnmSacDS i 3 
NAW:7i)^mm^n^o C<7)P#(^S is N4-I^7<^)ii^ 

1E:^;*5 3P ai:U. S i H2 C I2 /NH3 /N 

2'CD.sij;;tf;^^fflVi. -en-€^n9 o/e o 0/5 0 osc 

•[0 0 4 8] 'A\Z. 0 6 tC^Tcfc^tC. S i 3 N4-IK7 

•[0 0 4 9] dO)^. 0 7 d^-Tct 3 fC, Z.(Dy:^hV 
l>l^2 5^VX:^7chL'TS i 3N4-^ 7 ;;?^*X>y ^> 

i^'Spx^n-So e:(7)P$cDS is N4-^7 ojox^frt^. 

JE;tJ^2. 7Pai:b, R F Power* 1 0 0 0 W, CH 
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•2 5 7^>^*K^*$n^o 

•[0 0 5 0] EiS tC^'Tct'StC. S i 3 N4-^7 

*v;^i7^bTp+-Poly Si M5?&^x^;/^>ifJox$n 

:Ln\zxy). 'y')nymw.i ±^\z\tf- vmitms 
*^bTp+-Poiy Si mtf^^f^^f-vnmbtim^'^ 

10 -r:t>aA«. N- MOST rCOJ^^thP- MOST r 

•[0 0 5 1 ] cicD^. 09 {::^rck"5{c, ±ffi{ctis i. 

3 nvmf)mm^n^. mz. z.(ds iz NA-m^m:^ 

^4J^X*ffiVi;^cEtch Back -T^^l^tCckO. y-hm 
SSCDiHlitCtiS 13 N4-M7&^^^j:^LDD Spacer 

9;&^?^fiE;^n'g>o cicoBfcos is NA-mcomm^^^^k 
zSinj:^mt^\z±$^(Dh(D^m^^^o 
20 -[0 0 5 2 ] E^-frj^^^^^U >^KiJ:ffi<7)^i^ 
l^<bK*i£SUfc^. 01 0{:::^-r<i:3lc. ->Ua>» 
ffiicD±tc«:7:^- M/>?:^ hm2 7;&t^fiE^ti^o 
!7;i- hUv^X M9i2 7(7)yl^^->jgt^t;iV— • Klx-Y 
•>®JS?^^B6*MPb;^t)<^TS>^o iiom^ z.(Dy^ 
\^VV7. Vm2 7S:TXi7i:bT->Un>S«l fc^M 

mo^mx. 0ij^«BF2+€o-r:t>aA2 9*t-^;iiic 

n-So f^, CO-f :t>aAtl. N- MOS T r cr)«^i: 
P- MOST r CDJg-&i:T, 0 N^-V' :!^;KD«'&i: 

•[0 0 5 3] '^\Z. ya: VV-JTs h^2 7 ^m^X^fL 

^> y-h«®5. LDDM. • \^u-r>m^(o 
mxitiArmm^^-vWim^i 0 0 ox:. ^ap^K^i 

0#<hL. RTASaS^ffiV^^o 

•[0 0 5 4] CI com. 0 11 \Z^T^O{Z. il^COyp 
^XtCT. Si3N4-K7. SideWall Spacer 9, 

40 z^^jziymmi(D±\z\tmmmmmi i^mm^n^^ 
'A\z. zcDmmmmmi iizi^ny^s^^ h^-)ui 1 a 

'i\z^r)^m^-^n. :i(D:/^^}l3 i(D±\z\tmi^3 3 

•[0 0 5 5] ±$^m2<Dmm(Dmm\z^n{t. if-hm 
ms(D±\zs iz NA-mi^mgLiy. ^'—hm@s(Dm 

mzS 13 N4-^:0^^;'ci:'5S ide Wall Spacer 9 <^ifi^ 

^u±i7s(omzy-hmms^(DBtmmmmm (s i 

50 02') 1 ico::5fc:l£» (^1^:*ffitW T-scD^riiiitei-rs^ 
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mm 5 <Dti:mmwi(Dmzfn±7.{zj^^mm^i^?ixi.^ 

• [0 0 5 6] ^;^c. ^*-hmmsm^m<Dmya±7s(D 

m^^^n\Z<\^^<DX\ ^^Ufctt»l8iS[C0p+ Poly S 
^T-t)^(D||ftyDirXfiiSi;TyU3fe±3&^t)<7)p+ PolySi lo 

fi{ex(oi^um\im\zxriWd^iQm\H<D^9mt^um^^ 

•[0 0 5 7] -tUt)-^. Vmk^mT^^iS i 3 N4 

0. m^MmiO^'f-vmm^^o^'&t^^-ism.mz^yym 

mk\z^\i^:hm%M<o^^'^Wk^mum.<D^^. m%M 
nf^oy^mzmf^h-ff- h«ffi5<i^(DBSs^B 

•/NrOii5V^S^T'*i}^r^^<h7^^T^^o ^(Df^^. z: 
60,^ :/p-tX?^^^^{t:b/cOMyPirXtC:}ott^ Wafers 

• [0 0 5 8] i^. ±tEm2<Dmm<Dmmx\t. b:>&^*k- 
i/$n/tPoiy Si mmoy^- hmms ^m^r^Tz^mt^m 
m(Dmm^mz^\^^xmmi.x\^^^f)^. ws ix iiPoiy 

•[0 0 5 9] ^fc. Bulk Si S« 1 ±{CJ^^$n^T 

•[0 0 6 0] ^Tc. ii:m&5±<Drcd^(Dmmm^\^x s \ 

3 N4-^7St)JLDD Spacer 9 ^m^^tc^mi^mm. 

(Dmi&:^m\z^^^xmm\^xi^^^^^. «?tj;t«»<^^L p- 

S i 3 N4'lK<hS i Oz't^m-^itXS i O2 /S i 3 
N4-= 1 4 0/ 1 0nin<ht6«UT43ttti. ^t^y— h(D 40 
OffSet*fe^l^-^Side Wall Spacer mmuH^n^^ 

^^p^mr^fd^xmi (b) \z^T^^m»&m^i¥m 

•[0 0 6 1 ] -r;^:bt». 05{C^TPoly Si m3<D±\Z 
LPCVDffifCiO;?^;^^'-! 5 Onmg^c^)S i 3 N4 
jK7*iiS[bfc^. ^gfC^fctpfC^ffitCS i3 N4 
^^^WL. C1(7)S is N4-i^^S::^14»nX^fflli/!:E 
Ich Back T^^t\z<i:0. hm^S <D&m\ZS i 
3 N4-M^^e»;a:^LDD Spacer 9^m^l.Xl^^^ 
f)^. Poly Si JK5<D±{CLPCVDffi(Ccfcf3J?$*«-'l 50 



12 

OnmfiScD^V^S is Na'M^^^L. dCDS is N4 
^<Z)±{ij5$7j?^*~ 1 4 Oning;g<DS i 02-^^i6f«L;t 

y-bmmsommzLPcvDm^z^om^f)^-- 

is N4-li<7)ffl|glciP$)&^*-' 1 4 OnmS^coS i O2 ^ 
^J^^t-^c:<hT. h^S5(7)«[JlltCS i 3 N4 ^ 
RZSS i 02-l^7i>^'^;^ci:^LDD Spacer ^m^^t^Z. 
i:t>^tgT*^c Sfc, W5BUfciiOii«(OLPCVD 
ffi{c^O?]^^b;^S is N4-^T^n«-^nmX{i'-'l 
0 nin<DMJ¥T'y- hSS*^e<DB#(D:i^$eifeco^:Srl£m 

•[0 0 6 2 ] ^fc. ->Un>*« 1 oaffi-htc^g^fb?* 

\z^Df-hm.itm^^m^\.x\^^^f)K . v'Un>» 
hnm 5 tc H-'/$n/cB ^i^^cffit^[^^<7):;k:#^.^ 

^ffi5t{^cr)BJijS75^^(ST-r -SCOT. ^-hmffiSOiSR 

iBLXsmm'^x<D^^w:.m'kmu'rn\i§i\^^(ox^^f)^. 

• [ 0 0 6 3 ] 01 2 -0 2 2 ti, *!«9g<7)|g 3 0:>^m(D 

mm\z^^^m^mm.(Dm^:f5m^7^-tW\mmxhK) . 
c.<Dmm<omm\t.. *5g§B<&Buik s \ mm±\zm^-^ 

uosm^mwmm(D^mzmm\^tz.^<D^$>^. 

•[0 0 6 4] ^fe-r. 0 1 2 fc^-Tct -5 tc, u n >a« 
•1 {Ct3:LOCOS^fbl^2Rr/0^-&JtiWe I iffim-f 
^tl. ;i(^LOCOSffi^b]^2&rme 1 l^<£rffi«.iX 

^T^j^gl;^>^*fir:bn^o ^A\z. m^m^(Dz^^} zi>^^l 

(o^m±\z\t.m,mi\:.m\zx o hmtm s i:)m^ 

•[0 0 6 5 ] Z.<DW:. mi 3\Z7skir<ko\Z. ^—hmit 

m3:Bcz^hocosmitm2(D±\z\^^*- hmmtfs:^ 
m^'^m:^\t-^ 1 0 ommm<Dws i x 1^4 i f)mm'^ 
tiSo :i(Dm<Dws ix m4 icDmrn^mt,. «hia«c 

eld Wall ^CVDl^g^ffili, 6 8 OX:. JE:^ 

^40Pa<i:L. S i H2 C 1 2 /WFb'/A r C^S^S 
3tfX$:fflVi, -f-n^ni 0 0/1. 6 / 1 0 0 sccm<^85 

ws i X IK4 1 t^ai^KltliW : S i = 1 : 
-3. 0T$>^o 

•[0 0 6 6] dilTWS i X 1^4 1 ^b^fi^a^it 
2kt)feSi Rich <h7S:oT(/i^o rn^^. ^<OXSTW 

6 ix ^4 l{CagA^n^As-^Bt>b<HPhos (^J: 

o<Ddr*-hnm<Dttmmmmm^n^m^zt^tzsi>x 
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•[0 0 6 7] :^\Z. mi 4{Z^T^vlZ. WS i X ^4 
acD±{C^5LP- C VDri(ci:Oi?^/^?^*^J;^«'- 1 Onm 

Vi> 7 6 or. J£tl^ 5 3P atL. SiH2C 

1 2 /NH3 yN2'CO!^f^-^7s^m^K ^n^n9 0/ 

6 0 0/5 0 OsccmCDijStMii'r^o c:cDSi3N4-M4 
•[0 0 6 8] m \ 5 {C:^f J: -5 tC, S i 3 N4 M 10 

6 i X M4 1 \Z\^mX\i-<:t>itA\Z^y)B^' I on4 7 

-[ 0 0 6 9] 01 eJC^-Tct^lC, :7:thl/>^ 20 

hM4 5t^l^*$n. S i 3 N4l^4 3<D±tC:J^]?^ 
ibm^li^l 5 OnmSa^cDS i 02-K4 9 7&^*t«$n 

m(D^:^>iiAt^y— hmmiizx^r^^^^viz-r^tziib 

•[0070]:i;rT, dOSi 02-Ji4 9\^. {&U\ZX 

mm'r^o)^^w.^v<. m^\t. s iH4 +02-cosifi: 

lSTJtSiaS^^*3 5 0-4 5 OrjCT, «EECVDi?lC 
d:0*ttS$n-&. Z,tl\t. 01 StC^TXSTUv^X h 
VX^T*T't»5i^tte)nTWS i X 13^4 1 4^JC-f :^>aA 30 

^nrc^mmm:^^\zmis.\ziKWL\^:^^^^v\z't^rz 

•[0 0 7 1] 017 tc^-Tct^Jc. S i 02-1^4 

•[0 0 7 2] 0 1 8 t;:^-rJ:'5tc:, z^coy^h 

Ui^y. hms 1 S:V7.i7i:LTS i 02-^4 9X0^5 i 
3 N4-Si4 3;5i^X'y^>ifJnX$n^o CCDB^OS iO 

2-^4 9j^r/s i3 N4'm4 somn^mt. m^\t^ 40 

i?^:^hD>S! Etcher ^m^^. US,^20XZ. ELtl^ 
•2. 7Pa.hU. RF PowerS: 1 0 0 OW. CHF3CD 
8i£a;^4 5sccm<h-r^o :k\Z. y VU-JyV'i^^b Iffi 

•[0 0 7 3] ^tC. E 1 9\Z7fi't^O\Z. S i 02-M4 
^^^-s-Xi^^bTWS ix ^4 l*^X:y^>^^BPX^n 

cntict<:5> vu=i>s«i±jctiy-h^^b^3 

^:fMxTWS ix hS<14 Ijii^'JgfiK^n 
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J^, N- MO S T r c7)S'&<hP- MO S T r CDJl^ch 

•[0 0 7 4] dom. 02 0(C^-rck'5fC> ^StCf3:iP 
$JJ?^*^JA«1 OnmgJg<Z)S is N4^5 3 at^mm (W 

6 i x JK4 1 (Dmm\zm\^xmm ^n. sggv^xs 1 3 

N4l^5 3 ei<0±.\ZV^m^tm^\tl 5 OnnigJfficDS i 
-3 aSZJ^S i 02*)^5 3 b *S*14iDX^ffl E tch 

Back rr^cchtccfco. y-hm^4 i&ii^s i 02 m 

4 9<DfiiMlCt^S i O2 /S i 3 N4-*^e)*i:^LDD 
Spacer 5 3 7J?^?gfig;^n^o ;i(7)P#cOS is N4-I^B:ti^ 

s i 02-^5 3hoymm^n^^^ism-i:^m^mz±.m 

X'&^fz'h(D^m\^^^o CCT. LDD Spacer 5 3 
«:S i O2 /S i3 N4-/ci:^2SSi:Kifi^-r^M*JS. 
^CO^^&SXSTCDWS ix ^—Vnm4 l<D#jegP4J^ 

•CO 0 7 5] ^(C. 02 1 (C^Tct^JC. ^A'^-U>i^ 
g&±m<7)^l.^^{t^ 5 5 ^v- U a >SS 1 ±{clft«L;^c 
f>U n>SS 1 cD±lcli:7:t hl/i^x hl^5 7^^?^ 
j5£$n^o c:(D:7:a- hu>?x hiK5 7<^)/^i$7— >j^jycJi 

€0^. C<7):7:^ hl/v^X hK5 7 ^VX^chUTS/U:^ 
1 tC^M^(?:>^A. «?*JA«BF2+€0'1':^>aA2 

l£«:M:6^j^^$n^o f^. ccD-r:t>aA(^. n- mo 

ST r (T^J^'&ihP- MOST r (D«^i:TU>^X hVA 

•[0 0 7 6] :k\Z. yz^V^X^z^TsVmb 7^^^bfc 

>y*-hm@4 1> LDDB. V — A • Klx-f>®^ 
eOitSiM, ^cofl&(7):FM^^A^^«tt^b^1±^fci^)(7) 

mmm.^xum,^ \ o o or. fflap^rasri o«}>(hb> 

RTA^aa^r^Vi^o 

•[0 0 7 7] ;ico^. 02 2 fc:^-r<J:5tc. ilSt^^T^n 
HiAtCT, Si02-^4 9. Sideall Spacer 5 3, 

i^^)z2ymwLi(D±.\zummmmimQ itmrn-^n^o 

:^fc. cl<Z)^P^1*6j^J^6 1 lc[i:3>^/7 ;U6 1 a 
)5i^lStte>n. e:(Dn>i$'i7 h3l>-;U6 1 artti;<i5^;P6 
•3(C<ti97^a*$n, ;i(^;>^^^;U6 3(D±lC«iSJe6 5 

•[0 0 7 8] ±|B®3C0*Jg(D?g^J;:<tn«. 014JC 

^-TJiux^'-hmmLt^^^s IX m4 i(^±tcffit!c 

yN*UT-gchLT<7)S i 3 N4-^4 3 <^J^JBiS;b, 

€00 1 5 (c^-rxgT'^'- hmm (ws i x j^) 4 i tc 

?FMi^*^:t>aEA^-r^d^:tCcfcOS is N4-IM (1£ 
ti/tUT-^) 4 3 ^31UT^ALTli^o ZCDtz.^. 
03 1 (a) (c^-rct5{c:pM4^C0l£«S[/N'«JT— 

i^tCct-^TEf^T'l' Dose SSrT r 03at/i<i:T 



(9) 
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"5 V th {C J; t) ^M#; *IT^ Tig A L fc:^ ^ IC :i i; S 

mum^^iii'>^m3 1 (b) \z^rjzof3.!^m\t^c 
-[0 0 7 9] -IPSO, f^2<Dmm<Dmm(D^vuf-y' 

±JCLP- CVDfife^ffltiT^«-r-5«-& (LP- CV 

^ji©S!iiwtt®^-eafeffinTVi-5. ) , ws i 

T'-g (S i 3 <DY&mz9, 0 OX: 

03 2 (a) (c^f J:f>;Sligco«-&Tafe-5. b/i>L, 
(Sis N4-]^) 4 3 5:}gfiKLfc^tcy-hm 

feVi, fin-503 2 (b) tC^-rJ:5;S:XgODS-&-cfc 

•[0 0 8 0] b7t*i-;>T, h«ffi4 1 'S'f :t>aA 
^S-f :t->a^3j;af-5-«)Dose StcJ;?), iE«Ur3Sl»<t 

■^m^z.Lif'^m.t.u^, m\z. ws ix f—vnM^ 

■Sfc*, Wafer®F«>|-CS;a:-5'f :t>a-^Dose S*3IA 
•[0 0 8 1] y- h««i<^^»ei^cD^l-::^l£iSt^«i 

«fr^^*i6!ajss^*-r^iisis!i!^^s->'j-t)-i' ny- 

•h «11 ^ » -5 - 1 *^'Bltg ^ ^ o 

•[0 0 8 2] (^a. ±IB^3C0*;^©Jg^t?tt, Bulk S 
•i S«±Jc}^^$ntt»gl»**$!lW;Snfcws ix f— 

oS ix ©J;^;^iSB!-^^JS>-'J-y--r F*^^>7i£^y— h 
ncDM o S i X ® J; -5 <C~ 1X10 13cm 
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^^i)^i^^ts.WMtU^. -^ntt. CSJA«LP- CVD 
CJ;«.S is N4-K€:J^j5S;t"-5B#®Auto-Doping {Cj; 

=t>o*^e.«TnTb*p7&-'eTa&«. ^3 ©si 

Mrojgffi©J;-5(Ct£«(R*jtB (Si3N4-IK4 3) 

•[0 0 8 3] *^c. Bulk S i 1 ±tCj^fi£$n-i)# 

«{!^sm(c*^b^^j1^utv^.5*^, so I mmzi^^ 
^in^^mw^m.\zi^%m^mmt^ z. t *> pitE-c* 

■5. 

•[0 0 8 4] S^d. y- hllffi4 HC^-r-Si^-rfeoT 

y- h®ffi4 1 ^<r>-y^mm<r>9v-}3Vm.^nut^s \ s 

N4-K5 3 a^lrLP- C VDffilCj; D*t^S$13-TVi-5 
20 jii, y- hf|@4 1 g#^iSl*^^bLTii5iiji^^M^fti 
m (WNx ^) ?&fiESS-&^Ci:feBJigT&-5, 
•[0 0 8 5) Jhffim3W|li6©fl^litf>Tffllifc«- 

•[0 0 8 6] 0 2 3 -0 3 0 tt, ^^Bjcom 4 «*iS« 

SrJJPI Ufc«-e5F»e«!l®^5&S£«l»Jl:ffl © Wi^^lt« 
30 L. cro»a^SLTy-h«ffilC-f:^>aA*fT^« 

•[0 0 8 7] 02 3»c*-r<k3lc. ->Un>S« 

•llCttLOCOSK-fb«2SO^0^-e-sfciWe 1 I 

J:(DLOCOSg?{k^2B:tme 1 l^€:fflUT 

•[0 0 8 8] C<73^, 02 4»C^T«tPtc:, y- hi^jb 

^3RyJLocosKYbK2w±ic«y— vm.mt.n.^ 

40 P$755^JAti~l 0 OnmgSraWS ix ^4 1 

n-5. ::®P#®ws i x ^4 1 ©ifta^f^^tt, ^z<dU 

J6®}|^^T^bfe*>®<J:|H|«lTa&S. ws i x K4 1 © 
SafiEtfcttW : S 1 = 1 : 3. 0 7?*^*. 
•[0 0 8 9] 3:^TWS i x )K4 1 tt. ft^fi^jflfiEH: 
iOfeSi Rich t^CoTt/i-S. C^tt, ^COXg-CW 
S ix 1^4 1 lC^A$nSAs^BfeU<«Phos ©J: 

50 -[0 0 9 0] ;*:tC. 02 5JC5^-rJ:plC, WS ix K4 
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•[0 0 9 1] :i(D'^. m2 eiz^-t^oiz. ;i<Dyyth 

-[0 0 9 2] :if:\z. m2 riCi^-Tct^lc, ws ix 
•h@®4 l&rXi/U :3>S^ 1 CD±{CtlL P- CVDS 

•[0 0 9 3] ^>:fr. >^Un>S«i fc^s^t^gl^-frfifeiL 

0^mX\t.. N- MOSTr(^)ig'&i:P- MOSTrOD^ 

•[0 0 9 4] Z,(D'^. 02 8 {c^Tcfc-Stc, ^ffi{;:tiS 
i 02-IK6 9^«*»ffi^n^o ^tC. C:<7)Si02-a6 9 
^S;^ttljnX^ffiVifcEtch Back -r^:i<h{C<i:D, V 
- h««i4 lCDfiiJllfC«S is N4-4 S^r/M/TS i O 
2-;^^e)^'5LDD Spacer 6 9 50^?^^$n^o ClOPt 

<os i 02-^6 9(Dmm^v^^^UM:L^m'tmzf&z 

•[0 0 9 5] 0 2 9\Z7T^'r^^\z. 9'^^^J>if 

sfeitffl a>»i.^s^{t:is 5 5 ^ u n >&m i±\zmmi^rc 

com. M/>^X hM5 7^VX^i:UT^*-h 

<0-f ::i->aAtt. N- MOST r (Dii'&tP-MOST 
•r coS'&^rTl/v^X h VX^ ^ffl ViTjS:i:tT"^^i^tt^p 
•[0 0 9 6] hl/>^;^h^5 7^M^*Ufc 

^> hm@4 1, LDD@. V-X • Flz-Offi® 

^g^4j-^}BjgP^ 1 0 0 ox:, ^w^n^ i o&<?:U> 

•[0 0 9 7] CC^m, 03 0 IC^-TJcptC, W^<D^U 
^XlCT^ Si3N4'fli4 3. Side all Spacer 6 

•1 a7^^*Igtt^)n, CCOZi>^i:7 hTf:— ;i/6 1 artti;<37 
3 {cJ:07^:ffl*^ti, dco^^'jl/e 3 0D±{cttSa^ 
6 5*^*JgfiK$n, ^^Sr^fiE^-itSo 
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•[0 0 9 8] ±fBll4(Z)*MCQJF^M{C<tn«. 0 2 6 
^TXgTWS i X ^4 1 ^/N"^-- >:^'Lxy- 
®^?i^^L.fc^lC. 1112 7 tC^TXIiT^r- hmffi4 1 
±(::S£^A*UT-^<hUT(^S is N4-l^4 3 <£:?^e£ 

^(7)^0DBI2 9 CDX^Ty- h®®4 1 (C^T^J^^^r 
-r:t>aA^{Ccfc02gALxTViSo iintCckD. loco 

10 -[0 0 9 9] o^o. v-vnm (igifi.^.^«>^u-y--f 

>&^^i;So EP-&03 2 (c) {C^-ri5^J:XS(D«^T 
tf-f K^{c:^M%co-f :^>aA<&fT'5Hu(::. ^W^W^ 

20 ^03 2 (d) tc^fJc-^/ctXgc^^^T'fe^p 

oT. XfB|g4c^^lS<^)?^ffilC:felr>Tt)m3<Z)*J6a)Jg 

•[0 10 0] ^fc, 02 9{C^-rXgT>b-*— h«S4 1 
&t;v— X • FU-f >«i®Ot£m^'\CD^Sfii|^<D#A^ 
?f5fe». S£«®tC«A$ns>r:t>a<i:y*-hllSJC 

^A^n-s-f :t>a<h:o^iwiut)CD(c7^So ^<7D^e^> 

30 -[0 1 0 1] j^. ±M'^4<DmM<n'f&m^\^. Bulk s 
•i S«±tc^fiK$nti:^H^7J^^*©jffll$n/cWS i X V- 
•h«a4 lSrWr-2>MOSS#^#:ge<0«it{C*^W 

•[0 10 2] ^fc. Bulk S iS«l±lC?^ffi$n^* 
i©fl^SaiC2|s:^§g*iSffl UT0:»S>5|t. S O I WSl\Z^^ 

'So 

•[0 10 3] ^fz.. y-h^ffi4 1 tClg-rSJ^T*oT 
' -{r- VmMA 1 4i(7)^^iK)c^n:^teS!c^M©J-rs S i 3 

N4-^4 3^LP- cvv>mz^y)nm'^'^'x\^^ifi. 

•(WNx «:fiES$i^SC<hfcplBg-C*So 

•[0 10 4] Sfe. ±l2^3C7)^;^(Z)?g^4>T'fflV^fcS' 

g M <h r -2) ¥«ft^iiB tc ck o T lit*no/1 ^ ^ - 5^ t> ig 
50 a[|g:tfS5M;!)^pr«g'T?a6S» 
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!f#M¥ 1 0-3 0 3 4 1 0 
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•[0 10 5] 

© ±^]a yJfiflggB *^tr*6«M* J^fiK L T -5 . 

• [0 10 6] sfc. mii^mi 4izw^^mmiz^tnt. ^ 

^^l^tCJ;n«. ii5S6.^^M->U-1t-f Fia2:/'"?:S'->::: 
•>i/L;fc^lc, y- Kmffi«M®ifcgextt-ffiJc^Mi^ 

■ mil mi (a) tt. :i<Dmm<Dmi<D^m<Dmmtz 
^^¥mi^mm^^-rmmm-^$>K>. mi (b) m 

■1 (a) »cs^T^l«SliS«}^^{c:J;*¥^*^SScD^ 

• [02] :i<Dmm(Df^2<Dmm(Dmmzjz^^^mi^mm. 

•[04 3 ;i(D5^?g«?^2«JliS«J^^(Cj;^^^<*^g 

•[053 ;i©5gBJ®^2©*iS©}g^lrJ;^¥^(*SS 

-[06] c:®^Bj(7)^2CD||;teC0Jg^(Cj:^#ig#^a 
H0Ta&-5, 

•[07] ;n©^?B(73^2co^ig©}g^(cj:^i|i^^^g 

•[083 C©56?^«>^2ro5IJ6cDJ^M{C<tSi|iag#gM 

ffi0Tab-5. 

•[093 Cl«3g|g®m2(D^ifi®J^S8fCJ;S¥«fl:^g 

ffi0Ta&-5. 

•[0103 ^©J«Wro^2®^lfS®JK^lcj:Si|£«<*S 
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• [0 1 13 ^(D^m(Dm2(Dmm<Dmmi,z^^^mi^^ 
e©§S3i;&?*S:^Tfe®T'fef3. 01 o«i>:o3Xfs^g^ 

^»r®0r*-5. 

•[0123 ^mm<Df^3(Dmm(ommiz^^^m<^mm. 

©Sli£;^ft^*-rWffi0T^^. 

•[0133 *^?^om3©glig©Jg®ICcfc-&^»{*:gS 
©S!ji*feSra^-rfe®-cab»3, 01 2©;!»:®xs«:*-r 
»rM0r*^, 

10 -[01 43 *^?g©^3©Slig©}^M{C.k^#»#:gS 
*f®0T$>S. 

•[0153 *^?^©ll3©SllSOJgffi{Cj;^#^^^m 
©Mjg*te$:3^f fc©-c$.D. 01 4©:;^c©xg^^-r 

•[0163 *^?«©^3©|lie©J^^{c<i;^i<^^#^M 
©^ii;&fe$r^ffc©T*t), 01 5©;*:©xg€-^-r 
»rffi0-rab-5. 

■[0173 *^l^©^3®*Jg©Jg»tCj;^i}^^^^^gS 
•[0183 *^§^®^3©*iS®0S8(c«J;-g>^«fl:^g 

(om&:^m^^-ri><D'v$>ir>. 01 7®5*:©xg*7R-r 

(flT®0-Cfe^, 

•[0193 2^%Q^©^3©|gJi&©^!i(wJ:.&¥^#:^B 

©SSffl;^fe^r^Tfe©T&»3, 01 8®;*:©xg^^-r 
»fffi0-cafe-5, 

•[02 0 3 *5g?^®ll3 0*Jfi©jgMCJ;«.^^^^SS 
©»!jg:&S2:5^f feWT&O, 01 9®;^©XS«r*-r 
30 8(r®0T$.^. 

•[02 13 :!^mm<Dm3<Dmm(ommizj:^^^mi^mm. 
©SSjfi:)&S*^t"fewrafeO, 02 o©:;^<:wxs*55f 
8ff®0-r&^. 

•[02 2 3 *B§^©^3©|gS£©J^MtCi-5^^«:^g 

©aSji:^^^:^^^©-??*?), 02 i©5>:©xg«r5^-r 

Klr®0T*^. 

• [02 3 3 :^mm<Df^4(Dmm<Dmmiz^^^m^^s. 

©Kjg:5ffiS:*r»f®0T*^. 

•[02 43 *^?gfflm4©|lig©}i^!i{Cj;Siii«{*:^S 
40 ©S!jg:&}*Sr3^f 02 3®;^i:©XS«:^-r 

Bff®0-r*-2>, 

•[02 5 3 *l6ig®^4©*|(g©}^SHc.fc5>¥^#:^lt 
©ia3g:^SSr^-rt)©T&0, 02 4©^©X8Sr^-r 

•[02 63 :^mm<Dm4<Dmm<Dmmiz^^^mi^^m. 

-[02 7 3 :^mm(om4(D^mo:>mmzj:^i¥^m^mm. 
©M3g:3&s*5^-rfe©TJ6o, 02 6®:^©xe<£:3%-r 

50 Br®0T*S. 
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•[02 8] :^mM<D^4<D^m<Dmm\z^^mmw&m 

• [02 9] ^mm<Dm4(Dmm(Dmm\zj;:^^mii^mm: 

•[03 1] 03 1 (a) ti. ®I^T<:t>a> Dose A 

• (b) msi (a) (c^-rws ix m(D±iz^m^ 

fc Auto-Doping -^WS ix OgilSTPllE^tCJ: 0 > 
•[03 21 03 2 (a) , (b) hffi®(DJPX 

Hjic^sfii^^aA-r^Sigi^&ffiSr^'rsTfco, 032 

.(c) . (d) ^i. y-hSScOiJPX^JC^M^^aA 

^^Sjg^s^^-r0T$»^o 

• [03 3] 03 3 (a) ^i;t^<D^mi^mm.^^-rm 

mmx$>0. 03 3 (b) ft. 03 3 (a) fC^T^^ 



20 
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•l-Bulk vUzi>SS (¥^#»1£) > 2---LOCO 
i3N4-^, 9--Side Wall Spacer (S i 3 N4 

m) . ii-mmmmm. 1 1 a-=i>37^ h5^-;i.. 

•13, 15-Si02-M, 2 1 •••>':t M/v^X h^, 2 
.3-BF2+£0-f ::d->aA. 2 5. 2 7 -y ^ h Uz^T. h 
m. 2 9--BF2+{0^:t>aA> 3 1-^^;lx. 3 3- 
iS^, 4 1-WSixlK, 4 3-S i 3 N4-)K> 4 5- 
y^hUzyTshm. 4 7-B + ^Ion. 4 9--Si02 
m. S I'-y^ bUz^T^hm. 53-LDD Spacer 
(S i O2 /S i 3 N4-S ide Wall Spacer ) , 5 3 
a-Si3N4-^. 5 3b-Si02-l^. 5 5 

5 9—BF2+-f 6 1 •••Bfp^SgJg^j^, 6 1a--Z3> 
^'i^h*— ;k 6 3--^^;P, 6 5-i2^, 67'"y:t 
^Uz^Xhm. 6 9--S i 02-]^> 10 1— >^Ur3>» 
1 0 2-y-hmitmi. 1 0 3-LOCOS^^l:: 

m. los-^^-hmm. i o 7 --mmmmim (s i o 
2-) . 11 i-Bc^wm. 1 1 3"'B(Dmmmmm^(D 



1] 



[02] 



(a) 



5 K '^^^^ J 9 SkJe Wall Spacer 
2 LOCOS 
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25 Photo Resist 
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•[0 11] 
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[013] 
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43 LP-SI3N4 



[014] 




II 61 




•[015] 
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[02 0] 
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51 Photo Resist 53 LDD Spacer Si02/SI3N4 Stack 



41 WSbc 3 GateQS<t^ 
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•[02 1] 
i i i i 1 |^59BF2+lon 



65 mm 
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^5 43 
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55 Thin Si02 
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55 Thin Si02 
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[02 6] 



41 3 
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43 LP-Si3N4 41 




•[02 8] 
I Si02 Spacer 43 41 





•[02 9] -[03 0] 




55 Thin Si02 



(15) !Kia¥l 0- 3 0 3 4 1 0 



41 WSix As-Dope WSix 
2 LOCOS 




(a) 

Non-Dope WSix 



B-Dope WStx 




3 Gate Qx. 



1 Si Sub. 



(b) 




41 43 LP-Si3N4 
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